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PREFACE TO THE SIXTH EDITION 


The considerable revision of An Introduction to Astronomy in 
the new edition is intended to keep the book up to the times. The 
general plan and level remain as before; it is a textbook for an 
introductory course in astronomy without special prerequisites. 

Among the developments in this active science since the prepara- 
tion of the previous edition are accomplishments of the Interna- 
tional Geophysical Year. These include prominently the launching 
of artificial earth-satellites and other space probes, which eee 
the discovery of the radiation belt around the earth, the ANSE oo 
cording of features of the far side of the moon, and the effective 
photography of the extreme ultraviolet solar spectrum. Other de- 
velopments have been promoted by the continuing remarkable 
activity in radio astronomy. ‘The present renewed. interest. in 
problems ol stellar evolution has seemed to justify the assembling 
ol these matters in a separate new chapter. ы 

Dr, Frank К. Edmondson has critically read the manuscript of 
the new edition. 

Rosert Н. BAKER 
Claremont, California, 
December, 1900 
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1 
THE EARTH AND THE SKY 


THE GLOBULAR EARTH — THE CONVENTIONAL GLOBE 
OF THE SKY — EFFECTS OF THE ATMOSPHERE 


A relatively small planet attending the sun, which itself is one of 
the multitude of stars, the carth owes its importance to the fact that 
we live here. Here we view the celestial scene around us. In order 
to interpret the scene aright, we first consider the earth that looms 
large in the foreground. Our study of astronomy begins with the 
globe of the earth at the center of the apparent globe of the heavens 
and encompassed by the atmosphere through which we look out at 
the celestial bodies. 


THE GLOBULAR EARTH 


1-1. The Planet Earth, ‘The earth revolves around the sun once 
in a year and rotates on its 2 s meanwhile once in a day. A dark 
globe illuminated by the sunlight, the earth has nearly the form of 
an oblate spheroid, flattened at the poles and bulged at the equator, 
Its diameter is about 7900 miles, and is 27 miles greater at the 


equator than from pole to pole. If its actual [orm is represented 
by a globe 18 inches in diameter, the equatorial diameter of the 
globe would be a sixteenth of an inch greater than the polar diam- 
eter and the highest mountain would rise an ¢ightieth of an inch 
above sea level. The irregular surface of the earth is partly covered 
by water and is enveloped by an atmosphere to a height of several 
hundred miles. 

‘Phe carth is the only planet known to have large water areas. Tt 
is likewise unique among ше planets of the sun's шу in hay ing an 
abundance of [ree oxygen 10 HS atmosphere, With these features 
and also with its sufficiently moderate range in surf 
the earth is the only planet known to us that se 
o human Ше, 


ace temperature, 

ems inviting to life 

and particularly t Planets attending other stars could 

not be detected. with present means of observation. Such 

might indeed be very numerous: many 
1 


planets 
ol them might be abodes 
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i i туе and inter- 
f life and perhaps of intelligent beings who can obsc i vice 
5 i | : ini ile may be a widespre: 
pret the celestial scene, The opinion that lile пау be l 


iverse i quently. heard. 
and important feature of the universe is frequently 


I T i i ater arcas and 
1-2. The Texture of the Earth. Aside from its water talis iof 
p 3 ч Н SssCHLE 
atmosphere the earth is a globe ol rock that consists esse 
a ` Я 


і i i ‘low биг: 
two parts: the mantle, extending 1800 miles below the s 


се, and 
the core, 


The crust is the outermost 3 to 25 miles ol e dea 
being thinner under the oc cans than under the pun saque. ке 
levels аге composed of igncous rocks, such as granite i: 

generally overlain with sedimentary 
limestone, all together about 3 times 


AE id 
rocks such as sandstone ат 
t “Phe rest 
as dense as water. lhe 
i i i ron. 
i ilicate agnesium and i 
of the mantle is composed of heavier silicates of magnes 
Knowledg 


i ‚ from 
; ; " tively [ro 
€ of the earth's interior is obtained almost ent \ 
the Way it 


NES 
Ази | ; to distan 
transmits earthquake waves at different depths 
Scismographs. 

The core of the 


i : » center. 
carth begins about 2100 miles from the 
Here the m 


aterial behaves 
Verse earthquake waves 
inner core, 
as w 


ike a liquid in not ишеп с 
» of the type resembling light waves. 

within 1000 mil 
ater and is presumably y 
nickel.iron, like 
it may be simil 
sure here that 
marked 


; as dense 
es from the center, is 18 times as iran 
сту hot Its composition may be geri 
the materia iü many meteorites; or in Ао iie 
ür to the composition at higher levels m iy il 

is high enough to collapse the molecules. 
diflerence in chemi 


and 
ili ` warth anc 
cal Composition between the сат 
the sun, which 


is compose 


‘ium, will 
mainly of hydrogen апа heliun 
ater chapter, 


be noted in a 1 


region 
1-3. The Earth as a Celestial Body. The photographs of a аи 
of the earth from а rocket at an altitude of 101 miles (Fig. 1:3) T . 
an idea of how the е appear from the moon with ad 
Scope magnifying It would appear as a globe on ib 1 f 
the surface fe visible. As indicated by the Gull id 
California h ihe figure, the water areas E 
contrast elg Bright areas of snowficlds and drift- 


ly to the se ene. 
Observ: 
artist imagined in Fig. ] 
among the constellations jy th 
having 4 times the 


arth would 
2400 times, 

atures would be 
at the Upper left į 
arly with the | 
ing clouds would add y 
be less cle 


and, 

i i ;oulc 
pes The works of man wou 
arly revealed, 


ed from th 
eye, as the 


e moon with the unaided 
73A, the earth would appen 
ar sky as a faintly marked disk 
Erol the moon in our skies and 


e lun 
apparent diamet 
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going through the whole cycle of phases from new to full and back 
to new again, "P "e 

From the nearest planets the earth would appear to the unaided 
ye as a bright star. From Mars it would be a fine evening and 
eye as ғ : 


The Earth from the Altitude of 101 Miles. X mosaic of 4 photo- 
рн. 1-3. The ^ ket. A large area of southwestern United States and 
graphs from а rocke Sinn: (Courtesy of Naval Research Laboratory, 
Мехо: ds 5 Washington) 


northern 
ning star accompanied by the moon a, а | 
mor star а ee ee 
howing cycles of similar phases with the 
she ycles pd 
the outermost planets the earth would be 
From the nearest star the earth and 


ainter star, and both 
aid of a telescope. From 
lost in the glare of the sun, 
all the other planets would be 
i argest telescope, and the sun would appear only 
рр А the larges pe. à I y 
invisible with 

as one of the stars. 


1-4. Recording Apparatus Above the Earth, 


Vhe initial маре in 
th 1 robing ol space around the earth My 
ep 


as the launching ol Single- 


Zrii AND TITE SEY 


Fic. 1:34, 


" won tlie 

M a Crater o ^ 

Artist's Conception of the Farth as Scen piod de New York) 
Moon. (Courtesy of the American Museum of Natura 


stage rockets in the late 1940's, 
atmosphere at hei 


" ‘rota thé 
The purpose was to n к 
ghts not previously attained and to obtain tv d 
views of celestial bodies from above the most troublesome ae 
the atmosphere. Among the records recovered alter the | аһ 
crashed to the ground were photog aphs of the earth from her 
up to more than 100 miles, "m 
The second step was a Spectacular feature of the їйї, 
Geophysical Year, which began in 1957 and extended through vum 
This was the launching by Multistage rocket assemblies of ins 
ment vehicles that attained ne; 
а second at heights of sever 


Pe iles 
2 5 mil 
uly horizonti] speeds ol about £ 
thereby placed 


z Fae FTE 
al hundreq miles. The vehicles Wt 
in elliptica] orbits 


а гу 
я "  mnmpora 
around the earth as tem] 


THE GLOBULAR EARTH 


llites, until they spiraled down into denser atmosphere 
"tificial satellites, A ug 
artificial pi D up. The purpose was to record conditions at the 
> vere burnec . : з s s 
and se itudes and to transmit the information to stations on the 
Pi es à 
higher altituc 


|. Another purpose was to obtain. information about the 
^ no 

этом. — A , | | 

8 h from its gravitational disturbance o 
earth frc 5 { 


| the satellite orbits, 
Eight successful launchings were accomplished during the 
Ag 


HS during of these satellites is Vanguard 1 
Ше МИЕ а Саре Canaveral, Florida, on March 17 
launched oo a cal allie] snc dig tol 
о - jd ie o500 miles, and the expe 
ranged fre 


period, 
(1958-Beta), 
z 1958. The 
wth’s surface 


cted liletime is 200 years, 
The third step in the program was the launching of artificial 


eine н T 7 miles a second in order 

: t attain speeds ol nearly 7 miles a sec t 
anets; these mus 

planets: 


0 the earth's gravitational held and to orbit the sun 
to escape [rom 
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as independe anets зе first o s Soviets’ Lunik I, 
d f se was the Sovi 
х rst of these wa in 
i р nt pl 5 з Ы Же 
а ched anuary 59. The second was thc 1cans 
launched on dé 2, 19 E 
Pioneer IV, launched on March 3, 195 


Et passed the moon's par 
, ni | earth. 
i les from the c 
ard at a distance of 410,000 mi m 
and was last heard at a d ; 0 i кф» 
Its path around the sun is slightly larger than the 
s in S » т, 1050 
The probe Lunik II, launched in September, 195 


crash-landed on 
the moon. 


art 
Я urved. par 
Lunik III, launched on October 4, 197 3 riens aes 
ч 7 isti ў a р 
way around the moon on October 7 at the distance o 


issi [ photo- 
i i ar mission of p 
miles from it and accomplished the spectacular mis 
Braphing its far side. 


; [a bar magnet 
1:5. The Earth's Magnetic Field resembles the boh Р йа 
thrust through the carth’s center and еа ina pole, where 
angle to the axis of rotation, The north ge сак у in he. vieiiiiby 
the axis of the field. intersects the сато surface, is Lo onu. 
of northwest Greenland 1200 miles from the north pole 
The corresponding 


ft 
i "These. poles dri 

south pole is in Antarctica. These 1 
westward slowly 


ace the 
around the earth. At any гаан ned 
direction of the compass needle oscillates, and becomes 
unsteady during a geomagnetic storm, -—— Cur 
Among the significant achievements of the Di Тон pell, a 
physical Year was the discovery of the Van Allen - red particles 
region of unexpectedly high density of electrically зш ‘This effect 
trapped by the magnetic field and girdling the carth. 


ө T Jowa 
| State University of 
Was first reported by J. A. Van Allen of the State Uni 
from studies with his 


; arti 
associates of Geiger counts gathered by а 
ficial satellites. 

More detailed 
tained by these 
in December, 
65,000 miles and during 
gathered by the "p 
Launched on Auge 
ranged between 
satellite passed 
belt twice 


; as ob: 
radiati region wi 
information about the radiation reg 


-hed 

гона launche 
scientists from the space probe Pioncer HI. 
1958, both on 


А e of 
its outward flight to the ic cn 
its return. Continuous data are . VI. 

я х 5 а, Explorer x” 
addle-whec]” satellite 1959-Delta, | 1 orbit 
Ist 7, 1959, its original highly clongatec The 
26.000 anq 150 miles from the earth's argc, | tion 
through the most intense regions of the radia ae 
in cach revolution Period of half a day, and should á al 
tinue to do so 4 considerable part of its expected Lifetime 
about two years, 

The radiation belt h 
of 2000 and 
almost compl 


during 


aS its g 
10.000 miles 


etely at the } 


1 LS 

: « at height 
reatest Intensity in two zones at Пето 
above the е 


ars 
: «tenses 
arth's surface: it disap] 
weight of 

g 


s ‘оте 
10,000 miles. The belt co! 
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Fic. 1-5. The Van Allen Radiation Belt. Distances are given 
radii, Radiation intensities, represented by the contours, 


in carth- 

a ys E e in Geiger 

counts per second. This diagram appeared in Sky and Telescope 
June, 1959. 


for 
closer to the earth in the high latitudes north and south where 
auroral displays are observed most frequently, 


1:6. Positions on the Earth. One way of denoting positions on the 
carth's surface is with reference to natural or conventional arca 


It is often satisfactory to the inquirer il we say, for example, that 


Havana is in Cuba or that Cleveland is in Ohio. A roni wa 


especially where positions are required more accurately, is with 
reference to circles imagined pa the carth and represented on globes 
These familiar circles are mentioned 


ү i here so that the 
ms of circles imag 


and maps. : 
ined in the sky may be noted 


resemblance to syste 
later. - 
" Р g ае . | | 

‘The earth's equator is the great circle hallway between its north 
and south poles. Parallels of latitude are small circles parallel 


to 
the equator. Meridians pass trom pole to pole and 


are accordingly 
equator: ses] diee gh 
at right angles to the equa they are slightly elliptical but are con 


i > д х К 
sidered as hall-cireles lor Some purposes. "The meridian Of Green. 
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wich, or prime meridian, passes through the original site of the 
Royal Observatory at Greenwich, England. It crosses the equator 


Fic. 1-6. 


à Circles of the “Terrestrial 
Sphere. The position of a point on 
the earth is denoted by its longitude 


in the Gulf of Guinea at the 
point where the longitude and 
latitude are zero. 

The longitude of a place is 
its angular distance cast OF west 
from the Greenwich meridian, 
from 0 to 180 
the longitude is 60° W, 


cither way. H 
the 
place is somewhere on the me- 
ridian 60° west of the Green 
The latitude 
of a place is its angular distance 


wich meridian, 
in degrees north or south Irom 

, o o 
the cquator, from 0° to 90 
If the latitude 15 
50° N, the place is somewhere 


cither way. 


and latitude, on the parallel of latitude 50 


north of the equator, Where 
the longitude and latitude are given, the position ol the place is 


uniquely defined. As an example, the longitude of Yerkes Observa- 


tory at Williams Bay, Wisconsin, is 88° 33^ W, and the latitude is 
42° 34' N. 


THE CONVENTIONAL GLOBE OF THE SKY 


Avery carly picture of the carth and sky represents the appearance 
so well that it is often employed in diagrams, as in Fig. 1-11, Here 
the сато is imagi = : : ike 

is wth is imagined as a circular plane on which the sky rests like 
an inverte ; ; Г vaik 

hel ted m А somewhat later picture, proposed by Greck 
scholars in the 5th centur i i i i 
= 5 tury pcs, is useful in other diagrams, as 1 
Fig. 2-10, М | in etie ab 


It show + sk 1 i i 

an й А s the sky as a spherical shell surrounding a spher- 

ical саті at its center. The è : mi 

be only a point in tl < Ae carth is relatively so small that it may 
yay n the diagrams at the center of the celestial sphere- 


1-7. The С ial S 
G ielestial Sphere. 1 
* < Altho) —— 3 
space ar various dista à ugh the stars are scattered through 
ances trom the carth, the difference in their 
\ | All the stars 
we view the evening sky, we may пар 


al bodies are set like j 

order x gl аге set like jewels on the inner surlace ol 2 

pherical shell. This celestial sphere 
5 


distances is not perceptible to ordin 
seem equally remote, 
that the celesti 


ary observation. 


long regarded as a tangible 
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surface, survives only as a convenient means ol representing the 
heavens for many purposes. By this convention the stars iin be 
shown on the surlace ol a globe or in projection on a plane map 
Their positions are then denoted in the same wavs that places "s 
located on the globe of the carth., | | i, 
The center of the celestial sphere may be the center of the саг 

the observer's place оп the ` CN 
earth's surface, the sun, or any- ° 

where else we choose. ‘The size 
of the sphere is as great as we 
саге to imagine it. Parallel 
lines, regardless of their distance 
apart, are directed toward. the 
same point of the remote sphere, 
just as the parallel rails of a 
track seem to converge in the 


distance. 


1-8. The Apparent Place of a 
Star is its position on the celes- 
tial sphere. It denotes the star's 
direction, and nothing else about 
its position in space. Where two 
stars have nearly the same direc- 
tion, although one may be more 
remote than the other, they have 
nearly the same apparent place. 
Similarly, the apparent places of Fig. 1-8. The Dinge Вар 
the sun, moon, and planets refer Dipper's Pointers is bui f. Е 


to their positions among the 
stars on the celestial sphere, as though all were at — 
from us. We say that the sun is entering the constellation I ы 
remark on the nearness of the moon to a bright sui i co and 
The apparent distance between two celestial dies: is ac ; 
their dillerence in direction: it is olten called the didum pini 
en 


" there there is no chance for ; Bid Я 
them, where the r ambiguity. Such distances 


The distance aS 


expressed in degrees. between the Pointers of 
Great Dipper is somewhat more than 5°: it is a convenient sh 
ing stick for estimating other distances in the sky nda 
How may the place ol a star be described so jen other people wi 
know where to look for it? One way is to specify the odin. ein 
ation in 


which the star appears. Tf the star is in the i 
pl the constellation Ре seus, 
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А Я "s about 
1 ‘ll ns knows a 
гес ize the different constellatio are 
anyone who can recognize the d ffe e í ak Rew ar Їн 
where this star is situated. It is like ныне 1 Га star 
id р atiy ace ol i “ 
E ү, . ‹ c apparent pk 4 
Connecticut. A second way of denoting th | | h as the horizon. 
is with relerence to circles of the celestial sphere, such а 


Т (which а 

Р jr д a vertical line. A cord by w 

1-9. The Horizon. Sight along a vertical line peur Bates 

weight is suspended provides such a line when the w a. vie ond 
i ү . 1 directly 

rest. This line leads upward to the zenith, the point wh to iin 
in : 1 > е 

head in the sky, and it leads downward through the 

nadir, the point directly underloot, | — үле al 
The celestial horizon, or simply the horizon, is the z aali 

Я T | zenith а à 
the celestial sphere that is hallway between the zer 
and therefore 90° from each. 


1 is ob- 
The direction of the horizon 
served by sighting 


М Evi- 
along a level surface, perhaps a liiis т the 
dently the positions of the zenith, nadir, and мете walit: 
Stars are diflerent at the same time in different pants © kv seein 10 
The visible horizon, the line where the earth and s M 
meet, is rarcly the same 
usually irregular and 
weather it is 


-" 
] and it 
as the horizon of astronomy. On | Esas 
7 H 4 б E ' “ 
above the celestial horizon. М se 


dip of 
ч уоп; this dif 
à circle that lies below the celestial horizon: 
the sca horizon incre 


p's eve 
2 x ] ervers 5; 
ases with increasing height of the obs 
above the level of th 


e sea. 


1-10. The Celestial Meridian. 


Й «ol 
; eat circles € 
Vertical circles are great ct 
the celestia] sphere th 


- np Ae 
die adir, anc 
at pass through the zenith and ox: yf these 
š i > n ss useful € а 
cordingly cross the horizon vertically. The bias 1 viele passing 
. Bo . opt ‘vertical ci : 
circles is the observer's celestial meridian, the vertic $ gy The me 

9.8). 

through the north and south poles of the heavens (2 


х [ che 
ang : дү : ; points © 
ridian determines the positions of the four cardinal 1 

horizon: north, east, south, 


and west. 
North and south 


ial me 

i | diese dre celestia | 
are the opposite points where the ¢ midway 

ridian crosses the hor izon. The east and west purus йе 

between them: as we [ 


асе north, 
left. When the сагай 
define the celesti 


the 


х he 

cast is to the right and west 15 in to 
al points are already located, it is Pe th 
al meridian as the vertical circle that passes thr¢ 
North and south points of the horizon. 


А В є т » meas” 
1:11. Azimuth and Altitude. The azimuth of a star may be К (һе 
ured in degrees along the horizon from the north point. topea 
right to the foot of the vertical Circle 


; (һе 
Thus 

is. : е through the маг. de , the 
azimuth of a star i, 0° if the star is directly 90? n 


in the north, 
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east, 180° in the south, and 270° in the west. This coordinate is 
often reckoned around from the south point instead, 

The altitude of a star is its distance in degrees from the horizon, 
measured along the vertical circle of the star. The altitude js 0° if 
the star is rising or setting, 45° if it is halfway from the horizon to 
the zenith, and 90° if it is in the zenith. The zenith distance, or the 
star’s distance in degrees from the zenith, is the complement of the 
altitude. 

This is one way of denoting positions on the celestial sphere, If 
for example, a star is in azimuth 90° and altitude 45°, the star is 
directly east and halfway 
from the horizon to the ze- 
nith; and if it is in azi- 
muth 180° and altitude 30°, 
the star is directly south and 
a third of the way from the 
horizon to the zenith. Certain 
instruments operate їп this 
sed on the horizon. 
sit is ano pas үшүр 


system bi 
The engineer's t Г 

The eng Scr : Azimuth and \ltitude of a 
avimuth-altitude instrument. st \vimuth is measured along йө 
The navigator's sextant isem- horizon trom the north point around 
ployed mainly for measuring toward the & Altitude is angular 


" + a distance vertically i с (or below 
the altitudes of celestial bod- а i cally above (or below) the 
E horizon. Zenith distance is 
165, am plement of altitude. 
Positions of stars denoted 


r. 


the com- 


in this way are only for a particular instant and place on the earth 
s and altitudes of the celestial bodies 


"The azimutl are always chang- 
ing with the daily motion of the heavens, and thev are different at 
the same time in different parts of the world. More пе; 


: : tly perma- 
ative to the celestial equator à 


nent positions r мар iban he ea 
гоп are defined in the following chapter, Meanwhile. 

attention to the earth's atmosphere and note 
affects the view of the sky. 


we turn the 
Particularly how it 


EFFECTS OF THE ATMOSPHERE 


1-12. The Region of Glouds. “The earth's almosphere is 


Е z eem + j а mixtur 
of gases surrounding the earth. F Tom its pressure = 


of 15 pounds to 
: WE x , the 
square inch at sea level. the mass of the entire atmosphere is cal 
5 F ` кайса. 
lated to be 6 х 101° tons, or somewhat less than a millionth of l 

ы the 
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Fic. 1-12 


. raph) 
?. Cirrus Clouds, (Mount. Wilson Observatory photogra] 


mass of the earth itself, The air becomes rarefied so тү aye 
increasing elevation that hall of it by weight is within 31. е 
sea level. The lower atmosphere is divided into two layers, 
troposphere and the stratosphere. 

The troposphere [ заи ай 
equator to 5 miles It consists mainly ol pr afko 
oxygen molecule € proportion ol 4 parts to 1 by volume: al 
contains water vapor, carbon dioxide, and other gases in тин : 
small amounts, as well as dust in variable quantity, The act 
vapor and carbon dioxide are serviceable as a blanket to войне 
the surface heat at night, Like the glass roof of the greenhouse. niey 
let the sunlight through to warm ihe ground and then by strong 


absorption in the infr vent rapid loss of the heat by reradia- 


; ; М iles at the 
extends to heights ranging from 10 miles 
at the poles. 
sin th 


ared pre 
tion, 


The troposphere is 


a region of turbulent 
like stratus clouds һер 


SIn to [ong 
mile. Cumulus clouds 

cumulus clouds of the 
miles, Finally, the 
as 7 miles or more. 


air and of clouds, Fog 
an average elevation ol hall а 
at bases а mile aloft. “The cirro- 
sky" 


Ouds 


at 
rise Irom ff 
“mackerel have an average height of 4 
filmy cirrus c1 


igh 
ol ice crystals may be as high 
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5 miles. Its constituents are in about the same proportions as in the 
region below, except that there is less water vapor and more ozone. 
Ozone, having its molecules composed of three atoms of ovygen in- 
stead of two, is formed mainly by action of the sun's ultraviolet radia- 
tions on ordinary oxygen molecules, 

Ozone is the most abundant at elevations of from 10 to 20 miles, 
It helps to protect us from the extreme ultraviolet rays of the sun, 
which would be injurious to life of all kinds if it could penetrate to 
the carth's surface. These rays are being studied in photographs 
of the sola 
what additional information they bring about the sun itself. 

The stratosphere contains one fifth of the entire air mass, Even 
at its upper limit it is still dense enough to make some contribution 
to twilight, as is known from the duration of this light. Twilight 
(2-19) is sunlight diflused by the air onto a region of the earth’s sur- 


1-13. The Stratosphere extends from the troposphere to a height of 
1 


"spectrum taken from above the ozone levels to determine 


face where the sun has already set or has not yet risen, 


1:14. The Upper Atmosphere rcaches from the altitude of 45 miles 
to more than 500 miles. Here the rarefied gases are most exposed to 
impacts of high-frequency radiations and high-speed particles from 
outside. “Phe molecules are largely reduced to separate atoms, and 
the atoms themselves are shattered into elec trically charged compo- 
nents. The fonosphere, the region up to an altitude of 200 miles, 
contains at least four fluctuating layers where the ionized gas is con- 
centrated. Ву successive reflections between these lavers and the 
ground, radio waves can travel long distances before they are dissi- 
ented, When the layers are disrupted during a Scomagnetic storm, 
communication by radio in the higher frequencies is disturbed, 

The impacts of particles from outside on the gases of the upper 
atmosphere make these gases luminous in the varied colors of the 
aurora and in the airglow. hs the lower ionosphere the resistance 
of the denser air to the swift flights of meteors heats these intruders 
to incandescence, so that they produce bi ight trails across the sky. 


1-15. The Daytime Sky. The stars are invisible to the unaided сус 
in the daytime, because the atmosphere diffuses the more iiitense 
sunlight down to us from all parts of the sky. The sunlit air also 
conceals most of the other celestial bodies by outshining them. In 
addition to the sun. only the moon is conspicuous ordinarily in the 
daytime. The planet Venus near the times of its greatest brilliancy 
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can be seen without a telescope as a star in the blue sky. The bright 
planets and stars, however, are casily visible in the daytime sky with 
a telescope, and with special devices they сап be photographed even 
near the edge of the sun (Fig. 1-15). 

Why is the clear sky of the daytime blue, whereas the sunlight it- 
self is yellow? Sunlight is 
composed of many colors, as 
we observe when the light 
passes through a prism, ог 
through raindrops от the 


spray of a waterfall; it con- 
tains all the colors of the 
rainbow. As sunlight comes 
through the atmosphere, the 
violet and blue light is most 
scattered by the air molecules, 
and the red light is least af- 
fected. Hence on a clear day 
the sky takes on the blue color 
of the light that is scattered 
down to us most profusely. 
Fic 1:15. The Star Regulus Near the When the sun is near the 
Sree ipee Sun. (Photograph by M. horizon, most of the blue of 
Waldmeier, Arosa, Switzerland) its direct light is scattered 
away before it can reach us 
through the greater thickness of air that then intervenes. Thus the 
sun appears reddened at its rising and setting. 


1-16. Apparent Flattening of the Sun. Another aspect of the sun 
near the horizon is as familiar as its reddened color. There the sun 

л З ars so noticeably flattened at the top and bottom 
(Fig. 1-16) that it resembles a football. This appearance is caused 
by refraction of the sunlight in the 
is the change in the direction of 
one medium into another 
is described in C 
refr 


somet imes appe 


atmosphere. Retraction of light 


а ray of light when it passes from 
‚ aS from rarer into denser air. The effect 
r hapter 5 in connection wi 
acung telese ope. 
" As rie light of a celestial body 
ent downw: / refracti ‘i 

pears ne e Hi payee ps TIGA), so that the object ap 


than its true qj x 
Уу К : direction. 
apparent elevation incre 


th the operation of the 
Comes through the air, the rays are 


The amount of the 


but-o gradually ache ases with the zenith distance of the object 
8 y at first that for more than hallway to the horison 
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Fig. 1-16. Apparent Flattening of the Setting Sun by Refraction. (Yerkes 
Observatory photographs) 


* 
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Fic. 1-16А. Apparent Elevation of a Star by 


Atmospheric Refrac tion. 
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? i IL а telescope. 

the difference is not enough to be detected withot | ау 

e "o i „Р ; ; «velle eccome 
Near the horizon the increase is rapid, until the « at. is raised 
AEA le р ` izon is Vi 
spicuous to the unaided eye. An object on the hor үре 

à { € A : 
t€ its true place more than half а degree, or more | "im 
ч : cause the ri 

parent diameter of the sun or full moon, Because ol l 1, the 

А : x i is approached, 

; те: 1 as the horizon is ap] р 

rease : amount of refraction a d ай 
crease in thc | ‘ars elliptical: the lower edge is ra 
circular disk ol the sun appcars c iptical: 

а 

considerably more than the upper edge. — 

In addition to its flattened appearance the sun's ¢ АЛУ wih 

` i :hen it is higher in the sky. 
larger near the horizon than when it is higher ү f e e ШЕ, 
з ЖЫ: аре ар v the si 

illusion having nothing to do with retraction. \ 
the moon and the star figures, such as the G 
fied near the horizon. 


at Dipper, seem magni- 


А - nieht 
" TERES NE "s ye clear nig 
1:17. Twinkling of the Stars. A familiar feature E ga light is un- 
i . ] > stars: * S 
sky is the twinkling, or scintillation, of the stars: th nus ially 
: i е . — i iss. ure 6 d. 
steady, and the fluctuations in apparent. brightuc ен. гй 
ы " s am „йн H ter D 
noticeable near the horizon. The lower air is o ine, and 
Mee Я ану are descending. 
warmer currents arc rising, cooler currents i ld to the com 
Ь E nsities add to у 
al movements of layers of diflerent densities т crust B 
š : "a . " Ankle bec 
fusion. Viewed through this turmoil the stars twin 


х © Jand- 
8 x " i tas the E: 

variable refraction and Interference ol their light. jus 
scape seems to be affected 


on a summer day. 


horizont 


с. | © highway 
by the “heat waves” over the hig! 


" in- 
r 3 4 e They are disks i 
Vhe bright planets usually do not twinkle. “They 


Я int of 
» : 3 Я Each pou 
stead of point sources of light, as a telescope shows. 1 


so 
. | жр : lo not dos 
the disk may twinkle like a star, but the dillerent parts di 


h the 
i i ; ; Sess aths throug 

m unison because their rays take slightly dillerent p ens ПОЙ 

а х "S A Be © ; ачу пап. 
disturbed air, Similarly, the moon shines with a stea ^ 
Viewed with a telescope, 


especially turbulent, 
the telescope h 
they are 


sair is 
the stars appear blurred when m sueta 
The rays in cach beam of starlight that ¢ 
ave been dive 
not brought to the 
moon and planets alse 


al 

PEINE so thi 

етей from perfect parallelism, of tne 
vm "ua 

same focus by the lens. Featun “phe 

З ; er itions. 

арреаг blurred. in these. condit 


it 
about ! 
ad, and there is not much to be done it 

r seeing, 


astronomical seeing is b 


except to wait for bette 


1-18. Lunar and Solar Halos. 


Bright rings that sometimes si ee 
around the moon and sun have no Special astronomical significant | 
but and commented on by watchers of the skies a1 
fine examples of retraction eff 
produced by ice Needles 


they are noticed 
are 


i: ‚тїп * 
eds in the atmosphere, Ther 
are 


й ino 
and snowflakes in the cirrus and c 


Fic. 1:18. А Solar Halo. (Photograph by Е. Quénisset) 


stratus clouds. These 6-sided crystals relract the moonlight and sun- 
gh: concentrating it in certain directions. Although many effects 
emt yasita the most common one is a single ring having a radius 
of е round the moon or sun. The ring often shows rainbow 
че i > red on the inner, sharper edge the most prominent, 
"EE d t mud "sun dogs" are two enlargements ol the ring on 
Neues dos moon gi зип. These appear when many snow- 


i 1 heir bases horizontal. А second ring 
i : clouds float with t 
flakes in the € 


seen less fre- 

à ring around the 

un gives warning of an approaching storm has some basis 
)0n Ors 5 k m Я 

га he fact that the filmy clouds which form the h 

in the fact tha i 

fly ahead of storm clouds. 


havi 1 radius of 46? and parts of other rings are 
iaving a radius i DR 

«d The impression that the appearance of 
quently. 


alos are likely to 


1-19. The Aurora and the Airglow. Two natural illuminations of 
the night sky in addition te the light of the celestial bodies are the 
к and the airglow. d тота is characterized. in middle 
пена latitudes by a luminous arch across the northern sky, 
apex in the direction of the Зари pole. Rays like se 
beams rise above the arch. drifting, dissoly ing, 


its 
archlight 
and reforming, and 


š А ar in other parts of the skv. Green is the sunt 
draperies may appear | 


lor, but red and yellow are often seen as well, Especially in lati- 
color, 2 b ? 
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tudes farther north, ribbons spread across the sky (Fig. 1:19). The 
aurora also appears in the southern hemisphere. | 
Auroral displays are manifestations of geomagnetic storms. They 
are produced in the ionosphere primarily by the influx ol electrified 
particles from the sun, which are trapped in the carth’s magnetic 
field. The displays are most intense in two zones centered around 
23° from those poles. South of latitude 35? in our hemisphere, or 


south of about a line through San Francisco, Memphis, and Atlanta. 
in- 


they appear only during geomagnetic storms ol considerable 
tensity. 


Fie. 1:19. The Aurora in Alaska 


ә “їй In- 
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The airglow is an illumination suffused over the sky. Its light is 
* » » У. ^p "i i ioi d 
also caused by energy coming originally from the sun. It is faintest 
overhead and brightest not far from the horizon, which shows that 
the glow is [rom the atmosphere. Undetected by the eye, it is eflec- 
tively studied with the photoclectric cell and color filters. Because 
it is always present, it is the greater menace to celestial photography. 
a pu he icta one photographs, placing а severe 
imit to the faintest objects that c; * reache г increasi 

i that сап be reached by increasing the 


exposure times. 


QUESTIONS ON CHAPTER 1 


1. If the form of the 7900-mile carth is represented correctly by an 18 
globe, explain that the equatorial diameter of the globe would be lis inch 
ater than the polar diameter and that the highest mountain would rise 


о 
B 
1&o inch. 

2. Account for the bright trail of the 
(Fig. 1-4). Why must the space probes be tracked more often by radio 
reception rather than by photograph i 

3. State the longitude and latitude of: (a) the carth's north pole: (b) a 
point on the equator: (c) the place where you are. 

4. The moon's distance from us is much less than the distances of stars 
What is meant by the statement that the moon is in the constellation 


ficial satellite in the photograph 


Taurus? 

5. Compare the celestial horizons as seen from an airplane and from 
the ground below it; the visible horizons. 

6. Describe two characteristics of: (a) the troposphere; (b) the Strato: 
sphere; (c) the ionosphere. 

7. What is the true altitude of a star: (a) when it appears on the horizon? 
(b) when it appears directly overhead? How is the daily duration of ҮЙ, 
shine affected by atmospheric refraction? à 

8. Account for the apparent reddening, flattening. and enlargement. of 
the sun near the horizon. R о 
тарман рео а “ша steady light while the stars 


around them are twinkling. 
10. Distinguish between the aurora and the arelow, 
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THE HEAVENS 


АКТИ — APPARENT ROTATION OF 


, Р «definite 
А 4 Is more € 
The distinction between rotation and revolution apes p 
Н si 10H is : 
in astronomy than in some other sciences. Јо -iiinis the earth 
Ке E È " х E. ia it. " 
an axis, whereas revolution is motion in an orb In this chapter We 
өе ; m i 
rotates daily and revolves yearly around the ye 
are ; ic . its cflects. 4h 
: ider NC " ation and some ol i me А "T 
consider the сато rota am amis joining ics я gh 
The earth. rotates from west to east on : ion are the direc 
"Т; КТ ol the rotation i E e. 
and south poles. Among the effects peliavior of ihe Fotreatile 
tions of prevailing winds and cyclones. the behi 
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otation О 
E y rent rota 
| equator, and the appa 
pendulum, the bulge of the equator, 
the heavens. 
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* carth's. rotatie 
2-1. The Coriolis Effect. ‘The speed of the cart 
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comes less with increasing distance from the eg -—n miles 
exceeds 1000 miles an hour at the equator, it is rec 
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Я " iles an hour 1n 5€ 

an hour in the latitude of New York, 500 miles an 
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- H all. 
; ng ati 
until at the pole there is no turning 
Consider an 


г ` ispl 

у в n hen б 
air current moving north in the northe Because 
Р out 
and carried eastward gu: 
it is going from a | А leflecte 
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right. If the current i 
a place of slower 
the right. 
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а current moving either nor 
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Thus we have the following rule which applies 
horizontal motions, 
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The earth's rotation deflect 
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northern hemisphere and to 
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This deflection is known as the Coriolis acceleration after the French 
scientist who demonstrated it more than a century ago. 


2-2. Deflection of Surface Winds. The global circulation of the 
atmosphere is generated by energy in the sunshine which heats the 


SOUTHEAST 
TRADES 


Fic Prevailing Surface Winds. The movit 
right in the northern hemisphere and to the lett 
E sphere. 


air is deflected to the 
in the southern hemi- 


air most intensely in the tropics. The warmed air rises there and 
inis toward the poles. Cooled at high elevations the air des ends, 
notably at latitudes 30° where it flows north and south over the 
E By our rule these surface winds are deflected to the right 


in the northern hemisphere and to the lelt in the southern hemi- 

sphere (Fig. 2:2). Thus we have the easterly trade winds of the 

sphere g. 2*2). € рй; : ? 

m pics and the prevailing westerly winds of the te 
) H 


mperate ZONES. 
‘The easterly winds of the frigid zones are 


an associated effect, 
: the prevaili sinds in ; 
Ocean currents follow l ng winds in a 


general Way, but 
land barriers. 


are complicated by the We see the eflect of our rule 


learly in the Gulf Stream, which flows initially from the southwest, 
clea z ? 
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i s and hurricanes, 
2-3. Eddies in the Air Circulation, such as cyclones E rende 
.8. s E s z S air whirling. C 
how the effect of the rule in the directions of their MRG айх 
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tude of Chicago the rate of change is 10° an hour. At the pole it 
is 15° an hour, so that the plane of the oscillation turns completely 
around in a day. 

Another effect of the earth's rotation is seen in the behavior of 


the gyrocompass, where the rotor automatically brings its axis into 


============ | _—————— 
Å ————=—_—_——— 


Fic. 244. The Foucault Pendulum. 


the plane of the geographical meridian, and thus shows the direc- 
tion of true north, This valuable aid to the navigator would not 
operate if the carth did not rotate. Still another effect is the bulg- 
ing of the carth's equator. 

9.5. Centrifugal Effect of the Earth’s Rotation. The equator is 
more than 13 miles farther from the carth’s center than are the 
poles; in this sense it is downhill toward the poles, 
not all the water of the oceans assemble in these 
around the poles? Why does the Mississippi River 
The reason 


Why then does 
lowest regions 
| , flow “uphill” 
toward. the equator? Is found in the earth’s rota- 
tion. 4 

АП parts of the rotating earth have a tendency to move awav 
Гаа ШЕЕ the same centrifugal eflect that urges a stone to 
fly away when it is whirled around at the end of a cord. Part of 
the ellect of the earth’s rotation on an object at its surface is 10 


slide the object toward the equator (Fig. 2-5). The earth has ad 
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daily rotation of the heavens has provided the master clock by 
which all other clocks have been corrected. The earth-clock was 
formerly considered entirely reliable: the period of the earth's 
rotation was supposed to be uniform, until it finally proved to be 
otherwise. 

Suppose that someone begins with the idea that his watch is always 
right. As the days go by he is surprised to find that everything is 
getting ahead of time by his watch. He misses trains that seem 
to depart too early; the sun rises before it should: the town clock 
runs faster and faster. Presently he decides that his watch must 
be running slow. It is so with the earth’s rotation. Periodic oc- 
currences, such as the revolution of the moon around the earth, 
are forging ahead of regular schedules timed by the earth-clock. 
We conclude that the period of the earth’s rotation is increasing, 
and also that the increase is not perfectly regular. 

By comparing the recorded times of early eclipses with the cal- 
culated times when they would have occurred if the earth had been 
rotating uniformly all the while, astronomers have concluded that 
the length of the day is increasing at the rate of 0*.0016 in a century, 
This would mean that the earth-clock has run slow 314 hours dur- 
ing the past 20 centuries. The tides in the oceans have been re- 
garded as the brakes that are so reducing the speed of the rotation, 
Fhey are caused chiefly by the moon's attraction; and they. follow 
the moon around the carth once in a month, while the carth itself 
rotates under the tide figure once in a day. Much uncertainty, 
however, remains in the amount of the increase of the period, which 
should be improved with the present more precise means of ob. 
serving the moon's motion (6-8). 

There are also sudden and not as yet accurately predictable varia- 
tions in the length of the day. The carth's rotation has run off 
schedule both fast and slow as much as half a minute, after allow- 
ance for the tidal retardation is made. Smal] Periodic variations 
mainly annual and semiannual, are detected by the best clocks: these 
are ascribed to winds and tides, and are reliably repeated, 
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2-8. The Celestial Poles. 1 he Stars rise and set, circling westward 
daily and keeping precisely In step as they go around. The pat- 
terns of stars, such as the Great Dipper. look the same night after 
night and year after year. It is as though the stars were set on the 
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inner surface of a rotating hollow globe. ‘This celestial sphere scems 
to turn daily [rom east to west around an axis which is the axis of 
the carth’s rotation prolonged to the sky. | "v 
The celestial poles ате the two Opposite points on the celestial 
sphere toward which the earth's 
. Ue Dyer o sis is directed, and around 
which the stars. circle. The 
Pole + « pale north celestial pole is directly Шш 
the north, Irom a third of the 
way to halfway up in the sky for 
observers. in dillerent parts of 
the United States. “Phe south 
celestial pole is similarly de- 
pressed below the south horizons 
se places. 
Er unns of the ignes 
^— Dipper (Fig. 2:8) direct. the EP 
ee а = Great Dipper's to Polaris, the pole star, fit the 
— gone езг end of the Little a sips jen 
dle. This moderately on 
star ds within 1°, or about two moon-breadths, al the pole "i 
lt is also the north star which shows nearly the шеки с ge 
Ihe south celestial pole is not similarly marked by any brights 
in its vicinity, 


| "s eauator is halfw 
2-9. The Celestial Equator. Just as the earth's equator 


; ; ау 
‹ В : is hallw 
between the terrestrial poles, so the celestial equator 


; -rosses 
к И а rele cross 
between the north and south celestial poles. “This ci 


í is the 
А е P : . which is t 
the horizon at its cast and west points at an angle whi 


| l i or the futi 
complement of the latitude. Thus in latitude 4107 N, or th the 
tude of Philadelphia, ° 
horizon апа has 


How: circles i 


the. celestial equator is inclined ot суй. 
an altitude of 50° at its highest point in the pi ev 
n the sky are Jike meridians on the carth. 1! ud 
are half circles which conr Ungu 
perpendicular to 
system which are 


Yet the celestial poles and are ran 
the equator, Unlike the circles of the де! "s 
relative to the observer, these Pd 
as sharing jn the rotation of the prm 
Circles are imagined. equally spaced. T 
1 the Observer's celestial meridian at !! 
With relerence 
the position ot a 


stationary 
are generally considered as 
sphere. Where 24 hour 
coincide successively wii] R 
tervals of an hour. to the celestial equator and 165 
associated circles, 


з ыра by its 
celestial body is given 07 
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right ascension and declination, which resemble terrestrial longi- 
tude and latitude. 


2-10. Right Ascension and Declination. The right ascension of a 


star is its angular distance measured eastward along the celestial 


equator from the vernal equinox to the hour circle through the 


i i ilie А 
ion and Declination. Right 
al equinox along the celestial equator. 
th or south from the equator. 


Fic. 2-10. Right Ascens 


eastward from the ver ; 
tion is measured nor 


quinox is the point where the sun's center crosses 
at the beginning of spring.) Right ascension 
often than in angular units. Because a 


star. (The vernal e 
the celestial equator 
i in time more 
is expressed in ume n таша | 
с | te rotation of the heavens, through 360°, is made in 24 hours, 
'omplete rot: і d 

І hour, and 1° to 4 minutes of time. Thus a 
ry be given as 60° or 4 hours, 


tar is the star's distance in degree 


15? is equivalent to 1 


star's right asc ension m: 


The declination of a Ы ni s di 
celestial equator, measured along 


s north 
tor. n an hour circle 
‘The declination is marked either N 
is north of the equator, and S or 


or south from the 
through the star. 
plus sign if the star 


or with a 
with a minus 
sign if it is south. 


As an example, the Qo 93 N 
and its declination 15 19220 uve 


right ascension of the star Are turus is Hh [4m 


Vhe star is accordingly 213^ 30 
east of the vernal equinox and 19 23 north of the celestial equator, 
Notice that right ascension Is measured only eastward, whereas 
terrestrial longitude is measured both east and west. 


А | : Ihe approxi- 
ascensions and declinations of the 


mate right ar brighter stars can 
be read from the star maps m Chapter 11, 
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2-11. Hour Angle is often employed in the equator system instead 
of right ascension. The local hour angle of a star is reckoned west- 
ward along the equator from the observer's celestial meridian 
through 360° ог 24 hours. Unlike right ascension, which remains 
nearly unchanged during the day, the hour angle of a star increases 
at the rate of | 
values in different longitudes. 

Hour angle is frequently used in direc ting a telescope to a celestial 


an hour and, at the same instant, has different 


object by means of a graduated circle: the hour angle of the object 
Is found by subtracting its right ascension from the sidereal time 
(4-2), Hour angle also has much use in celestial navigation. The 
Greenwich hour angles of celestial bodies are tabulated for this 
purpose at convenient intervals of the day throughout the year in 
nautical and air almanacs. ‘ р 


7-12. Latitude Equals Altitude of Celestial Pole. The latitude of 
s place on the earth is its distance in degrees from the equator. 
For our present purpose it is more conveniently defined as the 
number of degrees the vertical line at the place is inclined to the 
plane ol the equator, or to the plane of the celestial equator. This 
vertical line is directed toward the observer's zenith. 


| 
&. д 
Sy 
М A. fiz N 
i < rude = 
%, t Altitude of 
иде $ 
Celestial Pole E d 
——— TO HORIZON — 4 
a> & 


Fic. 2-12, The Lati а 
1с Latitude of a Place on the Earth Equals the Altitude of 


the Celestial Pole at That Place 
angle between the ane oon Astronomical latitude is defined as the 
the altitude of the celes ee abe ithe equator plane. This angle equals 
Stial pole because both are complements of the angle 
“tween the pole and the ЖЕН. 
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In Fig. 2-12 we see that the observer's latitude is the same as 
the declination of his zenith. This angle equals the altitude of the 
north celestial pole, because both are complements of the same 
angle between the directions of the zenith and pole. Thus, the lati- 
tude of a place equals the altitude of the celestial pole at that place. 
In examining the figure we recall that parallel lines are directed 
toward the same point of the heavens, 

The rule determines the astronomical latitude. This observed 
latitude depends on the vertical line and is affected by anything 
that alters the vertical. A mountain near the place of observation 
would cause the plumb line to incline a little in its direction. Such 
“station errors” may make a difference of nearly a minute of are in 
the latitude, although they are usually much smaller. Geographical 
latitude is the observed latitude corrected for station error; it is 


the latitude that would be observed if the earth were perfectly 


smooth and uniform. 
2-13. The Latitude of a Place on the earth is determined by the 
rule of the preceding section. If there were a bright star precisely 


nith ZENITH 


N. CEL. POLE 


CELESTIA 
EQUATOR 


N 


5 OBSERVER 


| 2 Place Equals the Zenith Dist 
Fig. 9.13. The Latitude of SE: idi pog de 
1G. 9.13. The Upper Transit (1:1) of the Meridian of the Place 


Celestial Body at ES Its Declination at That Time, 


at the celestial pole, the ИШ = be found simply by measur- 
ing the altitude of that SP a сы у, € star itself may be employed 
if correction is made for Ив epo from the pole. More often the 
observations. are made 10 determine the declination of the zenith, 
which we have scen % the same as the latitude. A simple calcula- 
tion gives the required value When the altitude of a celestial body 
is observed at its upper акыя ol the celestial meridian. i 

Suppose that a navigator sights the sun at its crossing of the 
meridian south of the 7enith and determines its true altitude as 
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51° 10’, so that its zenith distance is 38° 50’, Suppose that the sun's 
declination obtained from an almanac for the time ol the sight is 
22*0'N. The latitude equals the sun's zenith distance plus its 
declination (Fig. 2-13); it is accordingly 88° 50° + 22° 0% = 60° 507 №. 
If the sun had crossed the meridian the same distance north of the 


zenith, the zenith distance would receive the minus sign, and the 
latitude would have been 16^ 50 S I operations of the Coast and 
Geodetic Survey and in some observatories the latitude is obtained 
very accurately by observing stars with a special instrument, the 
zenith telescope. 

Let us now turn the latitude rule around. When the latitude of 
a place is given, we know the altitude of the north celestial pole 
at that place and how the daily courses of the stars are related to 
the horizon. | 


2:14. At the Pole the Stars Never Set. At the north pole, latitude 
90° 


ғ the north celestial pole is in the zenith, and the stars go around 
it daily in circles parallel to the 

28010 horizon. Stars north of the 

celestial equator never set, while 
those south of the equator never 


come into view, In this we 
ic 


OBSERVER 


ment and some others we avo 
the 


confusion by referring to 
HORIZON 4 


CELE STIAL 
EQUATOR 


true positions of the stars and 
not as they are clevated by at 
Fic. 2-14. At the Pole the Stars aes 
Circle Parallel to the Mew The sun, moon, and planets rise 
and set at the north. pole when 

cross the celestial equator. “The sun rises about. March 21 


and sets about September 93, “Phe moon rises and sets about onc 
a month. 


At the south 
tial pole st 


mospheric refraction 


ever they 


pole eve ything is reversed. There the south сек | 
I ispl meis: 36, the zenith, and the stars of the south spurt 
hemisphere ne "op : is with 
| рне never set. The long period of sunshine begins wil 
the rising of the sun about September 23 


2.15. г : " і 
еа At the Equator All Stars Rise and Set. Here, where the lati- 
ide 15 zero, the altitude of the celestial pole is zero by our rule. 
The north celestial pole is situ 


ated at the north point of the hor! 
zon, and even the pole st 


ar DOW rises and sets as it circles near this 
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pole. The south celestial pole is at the south point. The celestial 
equator passes directly overhead from cast to west. 

At the equator, all parts of 
the heavens are brought into 


ZENITH 


view by the apparent daily ro- ET 

" i . EB 
tation. AIl stars rise and set. SIE 
"up . - s “ E 
Their courses cross the horizon as 


— н “р are bisecte 
at right angles and are BISE ed OBSERVER 
by it, so that every star 15 above 


19 hours daily il 


| 
* 

l 

| 

І 


the rize 
horizon | 1 Tidi s HORIZON 
we neglect refraction. us ap- 
ies „ sun as well; the |. а : 
plies to the sun o ТӨ hours Fig. 2-15. At the Equator the 
duration of sunshine is 14 NUTS руу Courses of the Stars Are Per- 
at the equator throughout the pendicular to the Horizon, 


year, 

9.16. The Heavens Turn Obliquely for Us who live between the 
pole апа equator. Suppose that we are observing from latitude 
409 north. Here the north celestial pole is 40 above the north 
point of the horizon, and the south pole is the same distance below 


the south point. ‘The celestial equator Toss 
point to the west, inclined so that its highest point is 40° south of 


itor arches across from the east 


N. CEL. POLE 
а 


s3 


Observers Between the Pole and the Fquator the Dail 
aily 


Fic. 2-16. Гог Stars © 
е Stars Gross the Horizon Obliquely. 


Courses. of th 


Я : aily course я реу гац 
the zenith, ‘The daily СОНС of the stars are likewise inclined to- 
Ward the south. Hall the celestial equator is above the horizon, 
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Northward from the equator the daily courses of the “bie 
up more and more above the horizon until they are е E iip 
it. Southward from the celestial equator they are depressed m 
and more until they disappear completely. 


In this oblique arrangement the celestial sphere is nee m 
three parts: (1) a circular area around the elevated. cc ме: ү} dm 
contains the stars that never set; (2) a similar arca оше я bond 
Pressed pole contains the stars that never rise: (3) the peers 
band of the heavens symmetrical with the celestial Чача ва f the 
the stars that rise and set. Hence, in latitude 40° N the un s 40? 
heavens which is always above the horizon is within a — edes 
around the north celestial pole, and the area which rur E 
into view is within a radius of 40° around the south iege dana 
The remainder of the heavens, a band extending 50° on either 
of the celestial equator, rises and sets. "eher from ihe 
If we travel north, the celestial poles move farther together 
horizon. The polar areas grow larger until iiey pea к апа 
when the pole is reached; there as we have seen. no um horizon. 
set. If we travel south, the celestial poles approach vid ч uator 
The polar arcas grow smaller until they disappear when the eq 
is reached, where all stars rise and set. 


r » without 
2°17, Circumpolar Stars go around the celestial apes tisë 
crossing the horizon. These stars either never set or ^ ' distance 
because they are closer to one of the celestial poles dien | A the ob- 
of that pole from the horizon, a distance that is po them or 
server's latitude. We accordingly make this rule abou 
observers in the northern he 


misphere: 
A star having 


à distance from the north celestial pole ( ver sets 

the star's declination) less than the latitude of a place ЕПА 

at that place. A star having a distance from the south 

pole less than the latitude never rises. sider as 
Suppose that the Observer is in latitude 40° N, and consic 


nation about. 58? N 
an example the bow] or the Great Dipper, declination about + узд 
It never sets here because its North polar distance of 32° is less 
the latitude, As a second 


. ar Canopus 
| example, consider the star C wr 
declination °S: This brilliant star is not visible in lat ж 

On: а E эма > latitude: 
40° N because its south polar distance of 37? is less than the latitt 


909 minus 


2-18. The Midnight Sun. 


[f 
date 


this 
when the sun is farthest 


е. › 99: on 
onsider the sun on June 22 on 


eclinati 
north of the equator, the declina 
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Fic. 9.17. The Heavens Turn Fic. 2-17A. Circumpolar Star 
ти Trails of stars Trails. The exposure time was 


Obliquely for Us. T i i 
aini ad e their setting- Die sem konm. Lie AME grail m 
w а ill minated with zodiacal little below the pole is that of 
sky is illu í Polaris. 


ig 9-10). 
light ( anki Observatory photographs) 


Fic. 2-18, The Midnight Sun. _ The exposures were made at intervals of 
hed at Etah, Greenland, by Donald B. Mac Millan) 


20 minutes. (Photograp 


34 THE FARTIVS DAILY ROTATION 


of its center is 23157 N, so that its north polar distance is 661, 

How far north must we go on June 22 to sce the sun circle around 
the pole without settine? According to our rule we must go be 
yond latitude 66145, When we take into account the refraction 
effect and the size of the sun's disk, however, we expect to see the 


sun at midnight on this date as far south as ( 


1 

The midnight sun is seen wherever the sun becomes circumpolar. 
In far northern latitudes the sun in summer enters the area of the 
heavens that is always above the horizon; and it becomes circum- 
polar in far southern latitudes at the opposite season, 


2-19. The Duration of Twilight. "Ihe gradual transition between 
daylight and the darkness ol night, which we call twilight, occurs 
during the time that the sun, alter its setting and before its rising, 
for us, can shine on thc atmosphere above us. What is said here 
about the evening twilight applies in reverse to the morning twi- 
light. 

Civil twilight ends when the sun's center has sunk 6° below the 
horizon, Then it is no longer possible without artific jal illumina 
tion to continue outdoor operations that require good light. Хан 
lical twilight ends when the sun's center is 12° below the horizon. 
‘Then the sea horizon is likely to be too dim for the navigator's 
sextant sights. Astronomical twilight ends when the sun's cente 
is 18 below the horizon: by that time the fainter stars have come 
out overhead. ‘The times of sunset and sunrise and the duration ol 
twilight can be found in some ol the almanacs for any date and 
latitude. 

‘The duration ol twilight varies with the time of year and the 
latitude. “Twilight is shortest at the equator where the sun descends 
vertically and so reaches the limiting distance below the horizon 
in the shortest time. Astronomical twilight lasts about an hour 
at the equator, and an hour and a half or more in the latitude of 
New York. On June 22 it does not end at all north of 48° N, about 
the latitude of Victoria. Civil twilight persists [rom sunset tO 
sunrise on this date from latitude 60°, or the latitude of Oslo, 
Norway, to nearly 66°, where the midnight sun is seen. 


QUESTIONS ON Сндргкк 2 
1. Explain the deflection of moving objects to the right in the northern 
hemisphere and to the left in the southern hemisphere. State 3 familiar 


*xamples. 
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9. Show that the behavior of the Foucault pendulum demonstrates the 


carth's rotation. 
3. Why does an object weigh less at the equator than at the poles? 
4. How is it possible to determine that the earth's rotation is not quite 


uniform? 
5. Name the celestial circle or coordinate that corresponds to each of 


the following definitions: 
(a) The circle halfway between the celestial poles. 
(b) Any circle passing through both celestial poles. 


(с) Angular distance north or south from the celestial equator, 
Ang э 
(4) Angular distance measured castward from the vernal equinox along 


the celestial equator. 


'ension differ from terrestrial longitude? 
rth would the following situations be 


6. In what respect docs right a: 


7. From what places on the са dd i 
true in the absence of atmospheric refraction? 


(a) The celestial equator coincides with the horizon. 
(b) AIL parts of the celestial sphere use and set. 

(c) The south celestial pole is in the SE GE v 

(d) ‘The daily duration of sunshine is 12 hou 4 throughout the year. 
(c) The daily circles of the stars are parallel to the horizon. 

ations in Question 7 аге modified. by atmospheric 


8. Which of the situ 
refraction? р . | | 
о jose erver sights a star at its crossing of the celestial meric 
9, An observer sights : 
of the zenith and finds that it 
is 419° 10. Explain that the 
10. In latitude 30° 5. what 


ng. : 1 south 
s altitude is 62° 20°, The star's declination 
observer's latitude is 39° 50' N. 

part of the celestial sphere: (а) never sets? 


b) never rises? А 
" 11. Which of the following stars never set, rise and set, or never rise for 
an беери in latitude 40° N: Arcturus, declination +19°; Canopus, —53*: 
1 Ў 63°? 


Dubhe, +622; Alpha Crucis. y^ | " 
^s [^ A between civil and astronomical twilight. (b) Why 


is the duration оѓ twilight shortest at the equator? 


3 


THE EARTH'S ANN UAL 
REVOLUTION 


'S PRECESSION — 
THE BARTH REVOLVES — THE FARTH'S равоне 
THE SEASONS 


While the stars are circling Westward around us as ШШ - 
were set on the rotating. celestia] sphere, the sun gradually 
behind. The sun shifts slowly tc 
background of the heavens, 
the daytime Sky, we 


ward the east against the ain 
If we could readily view the end 
Would then sce that the sun moves Mein 
about twice its breadth in а day, and that it circles comple A]- 
around the heavens in this direction in the course of a un di- 
though it is not easily possible to observe the sun's лане 
rectly, this Movement was recognized and charted by early ine эп of 
of the skies, for it is clearly revealed by the steady processi 


‚ваше 
| у . К at the sar 
the constellations toward the west from night to night 


hour through the year, 


- from 
| : > same hour fro 
5:1. Annual March of the Constellations. At the same 

night to night as the sez 


“ch 
ions marci 
à ‘ations n 
asons go around, the constell 


penri aa itari аам [anah sm =ч. SPRING ay 


ne - Mme 


Fic, 8:1. Orion in the Evening at Different Seasons. 
w 
Р ace belo 
slowly across the €vening sky and down past the sun's place 1 aie 
the horizon. Jf We look at 4 particu] 7 


"med e 
ar group of stars at th 
36 
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time night after night, we ev entually observe this westward move- 
ment. We notice, for example, Orion's part in the unending 
parade; it is the brightest and among the most familiar of the con- 
stellations. 

Orion comes up over the cast horizon early in the evening in the 
late autumn, a tilted oblong figure with three stars in line near 
its center, At the approach of spring this constellation appears 
up-ended in the south. As spring advances, Orion comes out in the 
twilight farther and farther west, its oblong now inclined the other 
way, until it follows the sun too closely to be visible. Then at 
dawn in midsummer Orion appears in the east again, on the other 
side of the sun. | 

This westward procession of Orion and other constellations past 
shows that the sun is moving toward the east among 
the stars, Its motion is a consequence but not a proof of the carth's 
annual revolution around the sun. The same effect would occur 
around the earth, as most people before the 


the sun's place 


if the зип revolved T did 
time of Copernicus supposed that it did. 


THE EARTH REVOLVES 


Everyone knows. today that the earth revolves around the sun. 
We leri this fact at an early age and accept it as an item of com- 
We are told, too, that the sun is something like 
vay, so that the earth must be speeding along at 

d of 1814 miles a second to go all the way around in 
everyday experiences, however, to 


mon knowledge. 
93 million mil 
the average rat 
а year. “There А 
à at the earth is m s 
the carth's revolution beyond reasonable 
e detected without a telescope. The 
example. 


is nothing in our ev d у 
oving in this way. Displacements 


convince us tl 
of the stars that prove 
doubt are too minute (0 3 
aberration of starlight 1s ап 
n of Starlight. Raindrops fall vertically when there 
t they seem to come down slanting to one who walks 
ain, and still more slanting if he runs instead, 


3-2. Aberratio 
is no wind. Ye 
rapidly through the гаш, 
As thu obses 5 sped еен he place from which the rain- 
drops seem to Ё 


is the aberration of raine 
similar effect on the rays of light from a star. The 


all shifts farther in the direction he is going. This 
aindrops. 

‘There is a sd б 
aberration of starlight js, ene apparent displacement ol the star in 
the direction toward which the observer is moving. lt is a much 
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; s down so much 
smaller displacement, to be sure; starlight coe iably altered by 
faster than the rain that its direction is not apprectz | the sun dis- 
as a ; 1 | А Um 
i 1 Even the carth’s swift flight агош ‹ i 
ordinary speeds. Eve raii ой АЙ еў 
places the stars only 201,” at the most, an am [the stars from 
à à " T i » "n J ™ " » ) ` 
detected by the unaided eve. This displacement i n р 
: Е E | teles E 
their true positions is readily observed with the t 


A тез. solution. 
we have convincing evidence of the carth’s re 
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Fic. 3-9 


r 5 "ai "Ops come 
i tarli Ist as raindro] 
. Aberration of Raind ops and Starlight. Jus 


: ed 
arently displac 
Р А stars are apparently isis 
down slanting to one who is running, so thc stars 9 ea sa to describe 
always ahead of us as we go around the sun. Fadh star s 


2 ; э ition. 
а small orbit around its true positic 


-—— 
i i of th 
a directton 
If the earth is taking us around the sun, the 


"The direction of the star's 
revolution must change continuously. The se inae "EXC 
aberration displacement must also. change es m the earth re 
always in the direction of the observer's motion. 
volves once in 


al 
all annus 
(dn small а! 

а year, the stars must seem to move in s! 


ii о be 
orbits around their true places. This is what they secm | 
doing, as the telescope shows. . English 

The aberration of Starlight was first observed by the EnS 2 
astronomer Br 


adley who ex 
two centuries after 
there could be no re 
the sun, 


m 


; in 17 
i í ning in 
plained its important meani {етте 
nearly the death ol Copernicus. | с одай 
а x revolves « 
able doubt that the carth rev сс! 


ason 
In a later ch 


A © parallax € 
apter (2.1) we consider the paral 
of the earth’s revolutio: 


n. 


35-3. The Earth's Distance from the Sun V 
orbit around the sun 


4h's5 
А саг! 
aries. If the 
were 


= phe 
" : x ет. 
а circle with the sun at its cent 
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earth's distance from the sun would remain the same throughout 
the year, so that the sun would always appear to be of the same 
size. Although the difference is not noticeable to the unaided cye, 
the sun's apparent diameter does vary during the усаг. It is great- 
est early in January and least carly in July; the difference between 
the two is one thirtieth of the average diameter. Thus the earth is 
nearest the sun about the first of January and farthest from the sun 
about the first of July, which might scem surprising to anyone who 


had forgotten that the seasons are not caused by the earth's varying 
distance [rom the sun. | 
The earth's distance from the sun averages 92,900,000 miles; it 


varies [rom 91,300,000 to 94,500,000 miles. 


3-4. The Earth's Orbit Is an Ellipse of small eccentricity with the 
я . a * 


sun at one focus. ‘The terms used in this statement are defined as 


follows: ‹ » 
The ellif is a plane curve such that the sum of the distances 

e ellipse “ “ 
its circumler 


from int on rence to two points within, called 
any po 
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ed How the Ellipse Can Be Drawn. 


the foci. i nstant and equal to the longest diameter, or major 
ч, CONSE s 
“X18, of the ellipse- 
(1 3-4): апа the DR 
Clear the significance of the ES i : 
The eccentricity of the ellipse denotes its degree of flattening. 
jy the fraction of the major axis that lies between 


‘The definition suggests a way to draw an ellipse 
drawing of several ellipses in this way makes 


It de. 
ds represented һу oai : 
the two faci If the eccentricity is zero, the foci are together at 


the center and the curve is a circle, The ellipse flattens more and 
More as the eccentricity increases, until at eccentricity 1 the figure 
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round the 
3-5. The Ecliptic, Thus the earth revolves eastward eon 
sun once in a year and Fotates meanwhile on its axis «i 1 on 
direction once in a day. The Саги axis is inclined 23147 i 
perpendicular to the 


; ay say thi 
Plane of its orbit, or we may sa 
earth’s equator 


А ‘his 

is inclined 28159 iy the plane of the mide d 

determines the relation (Fig. $ ) between the celestial equat avens 
the path the sun seems to describe eastward around the hei 

as ме revolve around the sun. eles- 

: The ecliptic is the sun's apparent annual path around the wr’ 
tal sphere; it is a Seat circle ing lineg 231%,° to the celestial eque 
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The Celestial Equator Is Inclined to the Ecliptic. It is in- 


Fic. 3.5. Н TE GNI 
that the carth’s equator is inclined to the 


clined by the same amount 


plane of its orbit around the sun. 


The ecliptic is in the plane of the earth's orbit, and the celestial 
as ic is 


equator is in the plane s ec 
ес liptic poles are 90? from the ecliptic, and are respectively 231459 


from the north and south celestial poles. The north ecliptic pole 
(R.A. 18», Decl 6615? №) is in the constellation. Draco (Map 1, 


Chapter 11). 


of the carth's equator. The north and south 


and Solstices. The equinoxes are the two ор- 
lestial sphere where the ecliptic crosses the 


3-6. The Equinoxe! 
posite points of the ce 
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though atmospheric relract шоп ol sunlight 
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‹ 1 the celestial equator 
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stands," so far as 
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The equinoxes and solstices are 
their positions in the shown in the star maps ol 
Chapter 11. The vernal eiim (К.А. 0^, Decl. 0 ) is the point 
where the sun crosses the celestial equator on its way north, about 
March #1, ‘The summe solstice (К.А. 05, Decl. 93 д9 №): ds the 
northernmost point of the ecliptic; the sun arrives here about June 


“© pomts on the celestial sphere; 
constellations are 
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3:8. Celestial Longitude and Latitude. The moon and bright 
planets never depart far Irom the sun's path around the heavens. 
For this reason, astronomers of early times, who were especially in- 
terested in the motions of the sun, moon, and planets, referred. the 
places of these and other celestial bodies to the ecliptic, and they 
named the coordinates celestial longitude and latitude. Celestial 
longitude is measured in degrees eastward from the vernal equinox 
along the ecliptic. Celestial latitude is measured north or south 
from the ecliptic along a circle at right angles to it. 

The ecliptic coordinates have only limited use today, The 
position of a celestial body is now referred more conveniently for 
most purposes to circles based on the celestial equator by means of 
right ascension and declination, which closely resemble terrestrial 
longitude and latitude. These newer coordinates themselves would 


doubtless have been called celestial longitude and latitude if the 
terms had not already been appropriated. 
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vertical line in the direction of the spin. The rotation of the 
иса e 


avitv to tip it over; and the conical moti 
ellort of gravity t | чоп 


lop resists the 
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Fig. 3-9. ‘The Earth Resem Spinning lop. The pull of the moon 
uator of the rotating earth is the chiet cause of the pre 


on the bulging eq А t 
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The earth is rotating similarly on an inclined axis, inclined to 


SM А к „йер the moon's 
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à Ei В i un on 
motion around us. The attractions of the moon and s 
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nearest it about the year 2100 at half its present distance. There- 
after, Polaris will describe larger and larger daily circles around 
the pole, and its important place will at length be taken by stars 
of Cepheus in succession. In the year 7000, Alpha Cephei will 
mark the north pole closely. In 14,000, Vega in Lyra will be a 
brilliant, although not very close, marker. 

In our skies the constellations are slowly shifted by precession 
relative to the circumpolar areas, while the poles remain in the 
same places at the distance from the horizon equal to the observer's 


latitude, Six thousand years ago the Southern Cross rose and set 
everywhere in the United States. Now it is invisible from here 


except in the southernmost parts of the country. 


3-11. Precession of the Equinoxes. The earth's precession, as we 

have sven, causes the line joining the celestial poles to describe 

the surface of a right cone around the line joining the ecliptic 
“ “ o 


WEST 


EAST 


Former Celestial Equator 


Former R.A. 
Présent Equator 


Present RA. 


Fic, 3-11, Precession ОЁ the Жыш iq motion ӨГ the 
vernal equinox, fron Py to Is md. Di aile w me ie i (то ж 
divisions marked off [rom ipe едш Т ра ЗАН TONS from the 

The right escensions and de linations of the 
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i angle between them. The equinoxes, where 


Ng about the same i . Pd 
the two inclined circles intersect, slide westward along the ecliptic. 


This js the precession of the equinoxes, Their motion, including 
Maller effects of planetary attractions of the carth, is at the rate 
OF 50” a year. 
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ght ascensions and declinations of the stars. 
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The tropical year is the interval between two successive arrivals 
of the sun's center at the vernal equinox. Because the equinox is 
shifting westward to meet the sun, this year of the seasons, from 
the beginning of spring to the beginning of spring again, is short- 
ened, ‘The length of the tropical year is 365% 5^ 48" 16%. This is 


nearly the average length of the present calendar year. 


THE SEASONS 


3-14. Cause of the Seasons. Why is the weather warmer in summer 
It is not because we are nearer the sun in summer; 


than in winter? в ‘li i 
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i Tn latitudes 
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southern winters. Thus the northern hemisphere might seem to 
have the more agreeable climates. Yet the variation in the earth's 
distance from the sun is only 3 per cent of the distance itself, and 
there is more water in the southern hemisphere to modify extremes 
ol temperature. 

It would be unsafe to make a general comp: 
in corresponding latitudes north and south of the equator, Dif- 


son of the weather 
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8. Explain the effect of the precession on the vernal equinox; on the 
right ascensions of the stars. 

9. Distinguish between the signs and constellations of the zodiac. Ex- 
plain the dispk icement of the signs caused by precession. 

10. State and explain the difference in length between the tropical and 
the sidercal year. 

11. Why is the weather warmer in summer? Why are the warmest days 


in middle northern latitudes likely to come consider: ably later than June 
29; 


19. Show that the boundaries of the climatic zones are determined by 
the inclination ol the ecliptic to the celestial equator. 


Mount Wilson Observatory, California, 
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TIMEKEEPING 


THE TIME OF DAY — THE CALENDAR 


Our watches arc likely to be more reliable timepieces if they na 
compared frequently with clocks or time signals that are regulated 
by a clock in an observatory. “The observatory clock may Ls pei 
lated by comparisons with the master clock in the sky, which d 
is operated by the daily rotation of the carth. The time ol "edem 
ordinary use will be more clearly explained alter we hav e сойыс 
the kinds of time that astronomers read [rom the celestial clock 11 
order to derive the correct standard. time. 


THE TIME OF DAY 


Y ay point 

4:1. The Clock in the Sky. Any onc of the stars or any other Г the 

on the celestial sphere might be chosen as the time m ld 
: } ; as E we 

end of an hour hand of the clock in the sky. The hour hant с 

and th 


be that part of an hour circle connecting the time rec koner diri 


d M M e in a 
celestial pole. This hour hand would go around once M wing 
à : " The follo Lu 
telling the time of day to those who can read it. "The | koner 
we А ‘ Е > time теске à 
definitions hold for whatever point is selected as the time e simie 
the 


A day is the interval between two successive transits ol A star 


reckoner over the same branch of the celestial meridian. 
transits when it crosses the meridian. Because a star does so ! 
а day, the distinction js m 
of the circle through the с 
zenith, and lowe 
It is noon when 


wice 


alf 

: oy de hal 

ade between upper transit, OVCT s dne 

А ; se 

elestial poles that includes the 055 dir 

"ir ] : б > né R 

" transit, over the other half that includes the nat rd 
the time cal (P 

"Р" 3 » . 15 

of day is the hour angle (2.1 1) of the time reckoner if the day beg" t 

at noon, or it is 12 hours plus the | angle if the day begins “ 

midnight, € hour ang h 


и „ай К 
reckoner is at upper transit. 1 


4-2. Sidereal Time. Instea 
reckoner for sidereal time 
*quinox. The sidereal da 


is the time 


ad of selecting onc of the sta na 

— : ГС: © 
or star time, astronomers choose the \ two 
y is accordingly the interval between 


52 
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successive upper transits of the vernal equinox; this interval is 05.008 
shorter than the period of the carth’s rotation, because of the preces- 
sion of the equinox. Sidereal time is the hour angle of the vernal 
equinox, and might have been more correctly called equinoctial 
time. It is reckoned from local sidereal noon through 24 hours to 
the next noon. 

Sidereal time is kept by special clocks in the observatories, which 
may be set directly from the clock in the sky. The principle, illus- 


a the Sidereal Time and the Right Ascension 
T 


Sidereal time equals the right ascension ofa 
When the star is at upper transit (hour angle 
1 time equals the маг right ascension. 

а 


Fic. 4.9, Relation Betwee 
and Hour Angle of a Star. 
Star plus its hour angle. 
zero), the sidere 
4. The sidereal time at any instant 

trated in Fi .9 is as follows. у 

in Fig. 4:2, 5 Д е 
1 А «retis ol 
15 the same as the right ascension k 2 
бат үч "e Evidently what is needed. is something to show the 
at instant, ЕМС 

Place of the celestial mer 
St corr 
to expl 


a star that is at upper transit at 
idian precisely, so that the. instant of the 
ectly observed. The astronomical transit 


as crossing can be А ; 
crossing C ain how the observation may be made. 


Instrument will serve 


the Sidereal Time. The astronomical transit 


4-3 D а а 
i eterminin - om . ‘ 
i Cal telescope that can be rotated on a single axis 


instmment i54 
ent is a sn н Ў Р У 
1 the cast and west direction, As the telescope is 


always toward the celestial meridian, which is 
al thread in front of the eyepiece. When the 
escope to the place where a star is about to 


Set horizontally it 
turned, it points 
represented by a егис 
Observer directs the tel 1 i 
tch the star move across the field of view until it 


) line. 


Wansit, he can wa 
Teaches the meridia 
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Fic. 4-3, 


aval OD- 


р : » US. № 
The 8-inch Photographic Zenith Tube at the U.S 

servatory. (Official US. Navy photograph) 
Suppose 


ant 
the star is 


that the sidere 
at upper tr; 
given in а catalog is 
sidere, 


ap inst 
al clock reads 35.]9m 99*,7 at the jon as 
а "we ascens 

ansit and that the star's right asec 


“ect 

А © correc 
3h 49m 96s 9 Which by the rule is oi 3.5 
d М К elore > 
Phe sidereal clock is there jon the 
arison of ¢ alculatic 
error of a standard lime clock c 


al time at that instant, 
Seconds slow. By comp locks and a simple ¢ 


an be found as well. 
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Recording devices are employed to time the transits of stars more 
accurately than direct visual observations can do, The photographic 
zenith tube has replaced the simple transit instrument at the Naval 
Observatory and elsewhere. This is a fixed vertical telescope for 
photographing stars аз they cross the meridian nearly overhead. 
The converging beam of starlight formed by its lens is reflected by 
a mercury surface belore coming to focus on a small photographic 
plate below the lens. With this device an error of only 05.003 is 
expected in a time determination from a set of I8 stars. 


s Longer than the Sidereal Day. Suppose that 


4:4. The Solar Day 
the sun's center is just now at the vernal equinox and that the two 


аге at upper transit on the celestial meridian of the observer at O 


0 
SIDEREAL AND » A 
g SOLAR NOON — 2 Ero МЕ —- 


MARCH 21 F 


{ _ SIDEREAL NOON_ TO VERNAL П = 
УЫ НС РО EQUINOX 


o 


he Solar Day Is Longer than the Sidereal Day 


Fic. 4-4. 


It is sidereal noon and also solar noon—noon by go: adt 


(Fig. 4:4). 
ill end when the earth has made a complete 


The sidereal day W 
y the vernal equi AE 1 
tc Juinox, bringing the equinox again 


rotation relative 4 
Meanwhile, 


to upper transit. the earth has advanced in its orbit 
around the sun an average Of 360^ 363.25, or a little less than 1° 


so that after the end ol the sidereal dav it m Vn А 3 
ust rotate through this 


adarienal à > ring the umi 
additional angle to bring the sun again on the meridian. Because 
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the earth rotates at the rate of 1° in 4 minutes, the solar day is 
longer than the sidereal day by a little less than - minutes. “The 
diflerence is more nearly 3" 56%, 


Because the apparent rotation of the celestial sphere is completed 


in slightly more than a sidereal day, а star rises at nearly the same 
sidereal time throughout the year. On solar time, however, it rises 
about 4 minutes earlier bom night to night, or 2 hours carlier from 
month to month: so that at the same time on successive nights the 
star appears a little farther west than on the previous night. Thus 
at the same hour by our watches the stars march slowly westward 
across the sky as the усаг advances (3:1). Each season brings its 
own display of constellations, 


r А — eÁÀ 
1:5. Apparent Solar Time. Because our activities are regulat 


ar Hime rather 
by the sun and not by the stars, we prefer to keep solar time rath 

x Р s — 1r- 
than sidereal time; sidercal noon, for example, comes at night dt 


EARTH'S ORB\T 


in 


2 ^ eiat ae : - - volves faster 
Fic. 4:5. The Farth's Variable Revolution. The earth revolves f. 
the northern winter, because it is then nearer the sun. 


ing part of the year, Apparent solar time is time by the appara 
sun, that is, the sun WE sec; penn’ 
night through 
however, 


it is reckoned from local appare 
; 21 hours to the next midnight, ‘The apparent PAP 
15 not a uniform timekeeper. The apparent solar duh 
measured by the sundial, varies in length for two principal reasons: 

1. The earth's revolution aj Б ) rate. 


T ^d revolves in ; » , T , 
Fhe earth revolves in its elliptical orbit асот ате: with die lau 


"n — B a 1 ioin; i = 
of equal areas: the line Joming the carth to the sun sweeps ОУ! 
equal areas in equal times, T] 
sun in winter 


п around the sun is not at a uniform 


а Ы » earth and 
Пе shorter line joining the earth 


in the norther rther 


than the longer line in summer 
4-5). Accordingly, the earth re 
MUSL rotate farther after the 


n hemisphere must go around fa z 

i Sweep over the same area o 
volves farther in a day in winter ant 
ending of the sidercal day to Бишр 
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the sun again to the observer's meridian. For this reason the ap- 
parent solar day is longer in winter than in summer. 

2. The ecliptic is inclined to the celestial equator. When the sun 
is near a solstice, where the ecliptic is parallel to the equator, its 
daily eastward displacement by the earth's revolution has the full 
ellect in delaying the sun's return to the observer's meridian. When 
it is near an equinox, however, part of the sun's daily displacement 
is north or south, and this part does not delay the return. For this 
reason the apparent solar day is longer in summer and winter than 
Both effects conspire to make the day by the 


in spring and fall. 
in winter in the northern hemisphere. 


apparent sun longer 


4-6. Mean Solar Time is time by the mean sun; it is reckoned from 


arg i 9, "0 — i т 
local mean midnight through 24 hours to the next midnight. The 


mean sun may be 1 | 
at a rate equal to the average rate of the apparent 


ecliptic. This conventional sun would be 


regarded as a point moving eastward along the 


celestial equator 
sun's motion along the Pd н 3 i 
a smooth-running timekeeper if the earth’s rotation were precisely 


uniform. Its day, whic h is the 
through the year. would then have constant length. 


The equation of time is the difference at any instant between 


in solar time: 
macs. Table 4:1 shows how much the appar- 


average of all apparent solar days 


. its value сап be found from table 
apparent and me: tables 


in astronomical айта 


Taste 4:1 Equation OF Time 

(Apparent time faster or slower than mean solar time) 

Appz сыс аы 
ae | 
ы 1 3" 8* slow July 1 3" 30* dow 
de 1 13 32 slow | Aug. 1 6 18 ка 
ior 1 12 40 slow | Sept. 1 0 20 slow 
dug а dé sow | Owi oa? ды 
SANE > 48 fast Nov. 1 6 э А 
Мау 1 2 4 = 5 Г 20 ist 

i as ec. 
June ! Qu = j М 21 fast 


slow with respect to mean solar time on the first 
The values are [o idni x 

phe v ў r midnight at the Greenwich 
55, and are correct within а few seconds for 


ent time is fast or 
of each month. 

meridian during 19 
other place or year. _ o 
hange 1m the equation of time near the beginning of 
1 effect that 15 noticed by everyone, A this ine of 


any 
b 


The rapid c 
the year has ai + 
x; nearest the sun а РОИ г 

year the earth is neares папа is accordingly revolving fastest 
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T g the ecliptic, 
‘The apparent sun is then moving castward m ву: 25 hebes 
delaying its rising and setting as алей by МУ d i morning by our 
reason the sun does not Begin to/rise сагат in t us alter the date 
watches, which keep mean time, until about 2 weeks 4 


: | evening 
; : «t later in the evening 
of the winter solstice, although it begins to set later 
about 2 weeks before that date. 


СРЗ ime is the 
4:7. Universal Time and Ephemeris Time. 0 x ie Ay LO 
local mean solar time at the meridian ol Отуп 2 to be, because 
of all ordinary timekeeping and is likely to pede je thin dioii 
observatories that transmit mean solar time signals “ce eid 
corrected by frequent sights on meridian anna irregularities in 
the foretelling of astronomical events, paire | m isely what 
the carth's rotation make it hazardous. to as | with the уба? 
the universal times of the events will be. jx aceite and the 
1960, the American Ephemeris and Nautical a im other те 
British Astronomical Ephemeris, which now du O RE of the 
spects as well, have tabulated the їз time. 
sun, moon, and planets for intervals of ecco i irregulari- 
Ephemeris time goes on unilormly Шри зя unit equals the 
ties in the earth's rotation. Its canstont ашшы ar 1000 divided 
length of the tropical year at the beginning of the ye 


сопа 
> ar secol 
; асап sola 
by 31,556,925.9747, which was the number ol n 


and fraction in the year at that epoch. T “nie 
Ephemeris time has run increasingly last with between the two 
> diflerence 
time during the present century; the ае in be known ар 
H m d сё 
was 35 seconds in 1960. "Ehe diflerence, which 


; in the 
T doin 

n н > event predicte 

proximately by extrapolation for a luture event | 

alman 


rsal 


vent. 
: > even 
; A Ae > time of the 

ac, awaits precise determination nearer the tit 


igon 
: аг positio 
: А е е a particular р 
For this purpose the observed universal time ol a pa ly with the 
ly 
of the moon among the st и 


ars (6-8) is compared [reque 
predicte 


d ephemeris Ume of th 
Unlike sidereal time 
local times, me 
tion 


at position. ich are always 
and apparent solar шие, whieh t conver 
an solar time 


i d in the 
Is most often employed А 
al forms of zone time 


dered. 
> conside! 
and standard time now to be с 


4-8. The Difference Betwee 


os at 
n the Local Times of Two е 
the same instant is the diference between their longitudes eee 
in time, "This is true Бе ause the earth makes a complete rota 
with re 


spect to a celestial time 


1 of 


А its kine 
reckoner in 24 hours of its 
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time: and there are 360° or 24 hours of longitude around the world. 
‘The rule applies to any kind of local time, whether it is sidereal, 
apparent solar, or mean solar, where the same kind of time is de- 
noted at the two places. When the local time at one place is given 
and the corresponding local time at another place is required, add 
the difference between their longitudes if the second place is east 
of the first: subtract if the second place is west. 


LOCAL 
MERIDIAN 


MEAN SUN 
276 wy 


о, ЗО 
"эше, ГТУ MERIDIAN 


е $ оғ GREENWICH 


Fic. 4-8. Difference of Local ‘Time Between Two Places Equals Their 
E : j Difference in Longitude. 


gram of Fig. 4:8 we are looking at the earth from 
c and are projecting the sun onto the equator 
sun is overhead; the east to west direction 


In the time dia 
above its south pol 
in the longitude where the ow 
is counterclockwise. The observer on the. earth is in longitude 
60° W, or 4^ W. The local mean time (LM П) there is O, and the 
Greenwich mean time (EMT) or universal time, is 134, so that the 
ditlerence of 4% in the loc al times of the two places is the diflerence 
of their longitudes. In this case the time of day is counted through 
24 hours continuously: gh is 9 A.M. and 13" js | pa, 


3 :Нетепсе between 1 : " 
Conversely, the difleret the longitudes of two places 


m к > local time 
is the difference between the local times of the places at the 


basic rule for d - same. 
instant. This is the 525 determining longitudes, 


r The loc: "теу 5 
4-9. The Time Zones- Ге cal mean solar times at a particular 
. a y for ace aes a 
instant are the same ME i places on the same meridian. The 
; essivelv Tate - 
time becomes progress!’ © Uer toward the cast and earlier 


2 є toward 
the west; the rate of change in latitude 40° 


Is ] minute of time for 
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i . ion that would 
a distance of a little more than 13 miles. 1 һе ipea Бу. аке ай 
ensue if every place kept its own local time ns Ое, 
time zones, in its simplest form the plan is p . world 18° or 1 
Standard meridians are marked off around ien of Greenwich. 
hour apart both cast and west Irom the 5 м y^ successively 
The local times on these meridians accordingly c ие ЛЫ Ше Bend 
by whole hours. he time to be kept at any other pli 


-— above the south 
Fic. 4-9. Time Zone Diagram. “I he — il pr aia of the E ou 
pole. "The numbers outside the circle MIR. we 8 hours to universal ti 
meridians. “The numbers inside are corrections in <a " 
ape. Thus 
mean time of Ше standard meridian nearest p edm zones, 
world is divided by boundary meridians into 24 odds running 
cach 15? wide and having one of the standard meric ў each 70 
centrally through it, The time is the same throughout ci ihe east 
arlier than the time in the adjacent zone afte rule 
and l hour later than the time in the zone to the west. 
10 be followed wher 


1 Crossing 
eastward voyage is to set 


seconds remaining the s 
to set the watch back ] 
Zone 


ney 
it is 1 hour e 


« on an 
а boundary between two iini and 
the wat h aliend | hour, the met voyage 
ame as before; and on a westwarc ) 
hour. „жий af 
time is employed їп the Operation of ships at sea í 

many aircraft over the sca 


li- 
x = asionally moe 
This Uniform plan is occasionally 

fied near land so that the sh 


e : > standar 
ips clock may agree with the sta 
time kept ashore, в 
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4-10. Standard Time divisions on land follow in a general way the 
pattern of the time zones at sea. Their boundaries are often irreg- 
ular; they are affected by local preference and are subject to change. 


ити: SAY 


NELSON MAY 


art of North America, 
ours to universal time, (da 
U.s. Navy Hydrographic Office) 


Fic. 4-10. Time Zone Cha Fhe large numbers at the 


top are corrections in h реа from H. О, 5192, 


In some areas the legal time diflers from the times in adjacent belts 
by a fraction of an hour. There is also the arbitrary and nonuni- 
form practice ol setting the clocks ahead of the accepted standard 
time for part of the yeah: 
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Four standard times are employed in the greater parts of the con- 
unental United States and Canada, namely, Eastern, Central, Moun- 
tain, and Pacific standard times; they а respectively the local 
mean times of the meridians 75°, 90°, 105°, and 120° west of the 
Greenwich meridian and are therefore 5, 6 


7, and 8 hours slow as 
compared with universal time, The standard time in Newfound- 
land and Labrador is 344 hours instead of 4 hours slow, and in 
Alaska is mainly 10 hours slow of universal time. Certain changes 
for Canada are shown in the Dominion Observatories Operations 
Map of 1958. Apart Irom Quebec, Ontario, and the Баенов 
Territories, each province of Canada has adopted a single standart 
time, 


4-11. The International Date Line. Suppose that an ampia 
leaves San Francisco at noon on Monday and proceeds dne a 
around the world with the speed of the carth’s rotation ада ү 
the sun in that latitude. The sun accordingly remains ps : 
stationary in the sky during the voyage, and the watches aboard ат я 
set back to noon whenever a boundary between the time Lass ena 
is crossed. When the plane comes around again to San Francise s 
the crew might be surprised to find that it is now "Tuesday noon 
they had forgotten the rule for the change of date. ‘iain 
The rule is to change the date generally at the 180° gu un 
When this meridian is crossed on a westward voyage, as 1n gas 
from San Francisco to Manila, the date is advanced; if the п d 
crossed on Monday noon, it is then Tucsday noon. At the cast pox 
crossing the date is set back. Where the 180° meridian ayen 
land areas, the international date line may depart Irom the meridian 


to avoid populated 


JA . itically asso- 
2 areas and so as not to divide a politically 
ciated region; 


a or ni o the 
thus it bends to the cast around Siberia and t 


west around the Aleutian Islands 


4. z adi ә . r ar 
«s Radio Time Service, The seconds beats of a standard Í 
clock a US Mav ava 
di ы thé U.S. Naval Observatory are transmitted from 4 пау | 
radio stations and 9 Stations of the National Bureau of Standards. 


И crystal-controlled clock is kept accurate: By frequent observa- 
Uons of meridian transits of st : c 


predictable variations in the 


The naval radio 
sign 


time 


i < сей 

ars, and is also corrected for cert 

| сакен rotation. 

Station № at 
of frequencies 
They are 

5 suited t 


Annapolis transmits ше a 
during the last 5 minutes e 
On Continuous waves and can be heare 
о code reception. These dash signals 


als on а variety 
scheduled hours, 


Only with receiver 
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at specified seconds (Fig. 4-12) so that the listener can 
the minute and second of each signal. A long 

8 
gest break announces the beginning of the 


are omitted 
readily identily 
dash following the lon 


hour. 
‘The standard frequency station WWV of the National Bureau of 
Maryland, transmits the seconds signals 


Standards at Beltsville, 


pF 0° 29° 30° 40° 50 60° 

: і Н | f | 

sop шишиши 56m 

| | | | | 

56" | | | arm 
f | 


Fic. 4-12, Plan of Time Signals from U.S. Naval Radio Station NSS. 
The short lines represent the seconds signals: these are omitted at the 29th 
second and before: the beginning of each minute, where the number of 
signals immediately preceding the long break denotes the number of 


minutes before the 


beginning of the hour. 


and night on frequencies of 2.5, 5, 10, 15, 20, and 


continuously day 
signals аге 


25 Mc/sec, The à 

^. frequencies: 
on standard audio [requencie 1 
e be heard with ordinary radiophone receivers. The 


interrupte 
distribution of the correct time by 
time by ob- 


clicks superposed lor part ol the time 
they employ modulated waves and 


may therefor 


seconds clicks are 
nples of the 
irts of the world. 


d at the 59th second of cach minute 


‘These are exit 

servatories in various p: 

a of Time. When the time at one place is given 
g ; 

scire ¿now the corres i А 

esired 10 м $5 ponding time at another 

ysion is often to or from universal time, lor which 


4-13. Conversior 
it is frequently d 
place. The conve 


iderable part ol thei 
almanacs tabulate a considera à Yr dat: 3 
ilmanacs tabul u dn passing from 


я леса] time, the corre i i 
zone time to universal tme | Tection is lound by dividing the 
[ the place 1 degrees by 15 and taking the ne 
В 8 
assing fron б; i 
In passing і the standard time o 


longi о ar 
gitudc arest whole 


number of hours. ў 
e a place 
rection may diga 
the correc not be the s; 
€ same as [rom 
zone 


eitudc. because irre ities i 
long ES of irregularities in the standard 
possi of daylight saving time at the 


universal time. 
time in the same 
time zones and the 
The following еха 


place. 


mples illustrate some conversions 

» Lag gph 22m — 

1. The zone time !5 7. < May 25. ata place in longitude 103° 

Required the corresponding universal time and date v SUN 
Djs dh 22". May 26 ў 


Answer: The UT 
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^ gives 
л 7 d ıl Almanac g 
2. The Diary of the American Ephemeris and N aa e ырыт 
m | i 50 < x ember 2? è 
the time of the beginning of autumn in 1960 as Septeml eae 
ү i У ao i 
time. Required the corresponding Central standard tit 
ime. en and | 
Answer: The CST was September 224 19h (7 КУ. 30 p.m. Required 
3. The daylight saving time in San Francisco 


oe central 
эм ; remains on Ce 
the corresponding time at Galveston, Texas, which rem 
standard time. 


Answer: Vhe CST is 8:30 р.м. 


THE CALENDAR 


-jvilizations. 
‚ Н AT of civiliza 
Calendars have been in use since the beginnings 


: » solar 
i ерү time, the 
They have tried to combine Natural measures of 


à " t con- 
эе n the mos 
day, the lunar month, and the year of the seasons, 1 


е mcas- 
а I ies because these 
venient ways, and have encountered difficulties bec 


ave been of 
1 Н : ‘talendars have 
ures do not fit evenly one into another. Calend 


alendar. 
3 > solar calenda 
three types: the lunar, the lunisolar, and the sol 


- is the 
The * calendar 
4-14. Calendars of Three Types. (1) The наб to Ье used by 
я B ; the earlies as 
simplest of the three types, and it was the earl “new 
almost all nations, 


i e 
Heinallv with th 
Each month began originally 
moon," 


‚ crescent. moon 
the first appearance for the month of the Tak crescent, 
after sunset, Long controlled only by ero ae In the fixed 
this calendar хаз eventually operated by fixed ru i errare alte 
lunar calendar the 12 months of the ш, ia Mohan 
nately 30 and 29 days long, making 354 days in all. 
medan calendar is a survivor of this type. 
(2) The lunisolar cale 
moon's phases 
three types, 
short lunar y 
month was | 
the 


З 1 the 
ndar tries to keep in step gee p the 
and the seasons, and is the most pA i to the 
It began by ox casionally adding a 13th ae extra 
ear to round out the year of the козды -alendar is 
ater inserted by fixed rules. The Jewish ca 


principal Survivor of the lunisolar type. 
(3) The solar calendar m 


sible to the year of the se 
12 months are senerally lon 
few early nations, notably the 
adopted this simple type, 


as pos 


"m as nearl 3 
akes the year conform as nearly s; its 


asons, д 


's phas 
nd neglects the moon's p Only 4 
Бег than the lunar month. Romans 
Ебу а eventually the 
SyPptians and ev 


onde 
4-15. The Early dar date; formally from the ing P 
2L ARR En IS It was originally a lunar calendar d 
Mu i А ái 
» beginning in the Spring and having 10 months. ‘he па 


Roman Calen 
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of the months, if we use mainly our own style instead of the Latin, 
were: March, April, May, June, Quintilis, Sextilis, September, 
October, November, and December. The years for many centuries 
thereafter were counted from 753 and were designated A.U.C., in 
the year of the founding of the City. Two months, January and 
added later and were eventually placed at the be- 


February, were 
ber months have ever since then appeared 


ginning, so that the num 
in the calendar out of their proper order. 

In its 12-month form the Roman calendar was of the lunisolar 
type. "The day began at midnight instead of at sunset as with 
most early people. An occasional extra month was added to keep 
in step with the seasons. The calendar was managed 
that it fell into confusion; its dates drifted 
sons from the ones they were supposed to 


the calendar 
so unwisely, however, 
back into different sea 
represent. 


When Julius Caesar became the ruler of Rome, he was disturbed 


by the bad condition of the calendar and took steps to correct it. 
He particularly wished to discard the lunisolar form with its trouble- 
some extra months. Caesar was impressed with the simplicity of 
the solar calendar the Egyptians were using, and he knew of their 
discovery that the length of the tropical a N nearly 36514 
days. He accordingly formulated his relorm with the advice of the 
astronomer Sosigenes of Alc vandría. In preparation for the new 
calendar the “year of confusion, 46 B.C, was made 445 days long 
in order to correct the accumulated error of the old опе. The date 
of the vernal equinox was thereby brought to March 25. The 


Я - anuary 1, 45 B.C. 
Julian calendar began on J ae 


Calendar was of the solar type, and so neglected 
the moon’s pha Its chief Cas was the adoption of 36514 
days as the average length of the calendar year, This was accom- 
plished conveniently by the pan ol leap years. Three. common 
years of 365 days are followed by a fourth vear containing 366 days; 
this leap year in our era pc indes evenly divisible by 4, 

In lengthening the calendar e Irom the 3 
lunisolar plan to the common year of 365 days, Caesar distributed 
dite addidmaal 10 days among the months. With further changes 
Was A the rele of Augustus, the months assumed their ОЕА 


"aesar's death i ` E 
lengths. After Caesar? Vain 44 B.C., the month Quintilis was 
in honor of the founder of the new calendar. The 


4-16. The Julian 
ses. 


days of the old 


renamed July 
„жү г? тепа » í = 
month Sextilis was later renamed August in honor of Augustus 
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Because its average year of 365465 was 11" 1 А меня n 
tropical year, the Julian calendar fell behind with осе Р 
seasons about 3 days in 400 years. When the council o allen back 
convened at Nic aen in А.р. 325, the vernal equinox най ШШ c pies 
to about March 21. It was at that convention that. previous 
fusion about the date of Easter was ended. 


4-17. Easter was on iginally celebrated by some carly dt d. 
Whatever day the Passover began, and by others on the К n @ їп 
cluded in the Passover week. The Council of Nicaea decit Ес 
favor of the Sunday observance and left it to the church at Ale 
andria to formulate the rule, which is as follows. Е 
Easter is the first Sunday after the Ith dav ol the epe ri 
the full moon) which occurs on or immediately after. N a be 
Thus if the 14th day of the moon occurs on Sunday, Easter i 
served one weck later, 


: Эр, rable feast 
Unlike Christmas, Easter is a mova 
because 


"ange from 
i i T ate can range f 

it depends on the moon's phases; its date c = 
March 22 to April 


Dates or Easter SUNDAY 


1961, ; 2 — .19066. Apr. 10 1971, Apr. 11 
1902, ; 2 1967. Маг. 26 1972, Apr. 2 
1963, . 14 1908, Арг. 14 19 Apr. a 
І ". 29 1969, Apr. 6 1974, Apr. е 
: 18 1970. Маг. 29 1975. Mar. 1 


(quinox 

> vernal equi 

4-18. The Gregorian Calendar. As the date of px BR is de inr 

lell back in the calendar, March 21 and Easter w pe end of the 
8 ; ‘Toward the € 

from it came later and later in the season. Towarc 


her 
í eN ]. Anot 
l6th century the equinox had retreated to March ent 
relorm of the calendar was proposed by Pope Gregory 7 
Two rather obvious 


reform. First, ten d 
усаг; the day folloy 


"recorian 
corrections were made їп the ee 
ays were suppressed. [rom the alenen ү! ns 
ving October 4, 1589, became October 1! 
those who wished to adopt the 
equinox was restored in this w 
rection made the aver 
equal to the tropic 


“er al 
new plan. ‘The date of the ус 
ау to March 21. The seconc 
age length of 
al year, so that 
Set so quickly out of Step with the 
to do w 3 days 

was too long, І 
mg common ye 


the calendar year more пө 
the calendar would not d 
seasons. Evidently the On 
in 400 years by which the eect 
This Was done сопу eniently by Mes 
ars of the century years having numbers not even y 


as to omit the 
calendar year 
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divisible by 400. Thus the years 1700, 1800, and 1900 became com- 
? days, whereas 


mon years of 365 days instead of leap years of 3 
the year 2000 remained a leap year as in the former calean, The 
average year of the new calendar is still too long by 26 seconds, 
which is hardly enough to be troublesome for a long aayi сате 

The Gregorian calendar was gradually adopted, ИП it is now 
in use, at least [or civil purposes, in practically all nations. England 
and its colonies including America made the change iM 1752. By 
that time there were 11 days to be suppressed; for that century year 
ar in the old calendar and a common year in the new 
9, 1752, was followed by September 14. The 


one. September 2, үи 
a eastern. Europe were the latest to make the change, 


was a leap ye 


countries 13 days 
when the difference had become 13 days. 


lendar Reform. Irregularities in our present 
ntly cited as reason for reforming it. The 
nly divisible into quarters: the months range 


4-19. Suggested С 
calendar аге freque 


кай ar vear is not eve * А ; : 
po "e У og to 31 days, and their beginnings and endings 
in length [rom <è = ? 


avs of the week: the weeks are split between months. 
occur on all days the irregularities should be corrected. Others 
Some people say и improvement would be great enough to offset 
are not sure that ше ж that the change might bring. 
the confusion in oan r calendar reform are based on the period of 
Recent proposals pics divisible by 4, 7, and also 13. An extra 
364 days, a eiim in such a way as not to disturb the sequence 
day is added cach ye ` : 


id another 


is added every 4 years in the same man- 
of weekdays, al entury years not evenly divisible by 400. Two 
ner, except іп Ms the 13-month perpetual calendar and the 
proposed quantum. jenda known as the world calendar, 
12-month nm ва the year into 13 months of 28 days each. 

The first plan ten for one month would serve for 
In this plan а " я is remembered when to add the ty 
шин MUERE yosal met with approval for a time, but lost favor 
days. “This prol | too drastic a change from the 


ndar every other 


vo stabilizing 


à : resent calendar. 
because it seemet «des the 364-d; uar ` 
plan divides the 364-day period into 12 months. "The 
arters of the year remain the same forever, Each 
Sunday and ends on Saturday. 


The second 
four equal qu: 
Its first month 
its second and third months have 30 d 
is added cach year at 


quarter begins on 
has 31 days. and 
One stabilizing day !5 : the end of the fourth 
quarter; it is called Year-End Day, December. Y, 

The second extra day is added every 


avs each. 


and is ап extra 


Saturday. fourth year, with 
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5 dt is called 

я arter; IL 15 са 
the usual exceptions, at the end of the second qu um Тый vies 
< is a a extra. Saturday. ^ 
Leap-Year Day, June L, and is also an e Sell a 


"ү alenda 
is a more moderate change from the present ee 
"ni ап i 950. 
approved, however, by the United Nations in 1 


QUESTIONS ох CHAPTER 4 


P he clock 

1. If the star Arcturus were selected as the time нн е al dai 
in the sky, what would be the definitions of noon, ч йа 

Why would this plan be inconvenient for ordinary pu 1 che at seid 
2. If a certain Star rises tonight at 10 o'clock bx your watch, 


Vill it rise tomorrow night? a month from now? 
3. Give two rea 


и near the be- 
asons why apparent solar days are longest near 
ginning of winter, ime of a future celestial 
4. What is the advantage of predicting the Оше SOs 
event in ephemeris time rather than universal time? : standard times 
5. At noon, universal time, what are thc corresponding sta 
at New York, Chicago, and San Fr 
6. State the difference be. 
and at sea, and the 
7. At 2:00 А.М., 
certain place 
is 65° W, 
8. At 11:55 р.м, 
about to cross the 
10 minutes later, 


9. Name the terms that 


anciscoz Р «d OH 
tween the time divisions employee 
reason for the difference. olar time at à 
universal time May 10, the local mean К » ol the place 
is 9:40 P.M., May 9. Explain that the longitude 


land 


ап is 
Н ar the ocean 
on Tuesday, an airplane flying west ne E Ше pline 
180° meridian. State the time and date fo 


are defined as follows. 


(a) Hour angle of the vernal equinox, 
(b) Hour angle of the mean sun plus 12 hours. 
(c) Time by the sundial. 


(d) Standard time 


10. Distinguish between the lun 
11. State the two chief ch 
reform, and the re 
12. Give some 
and a possible ar 


ге ich. 
near the meridian 90° west of Greenwic 


ar calendars. 
ar, lunisolar, and solar e айй 
anges made in our calendar in the G 


“sons for the changes. 
reasons for 


о alendar 
г present calen 

а proposed reform ol our presen 

Bument ag 


ainst а reform. 
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TELESCOPES AND THEIR USES 


REFRACTING TELESCOPES — REFLECTING TELESCOPES 
— THE SPECTROSCOPE — RADIO TELESCOPES 


ptical feature of the telescope is its objective, which 
receives the light of a celestial object and focuses the light to form 
an image of the object. The image may be formed either by re- 
fraction of the light by a lens or by reflection from a curved mir- 
ror. Optical telescopes are accordingly of Bye general types: re- 
fracting telescopes and reflecting telescopes. Schmidt telescopes are 
лібе еол of the reflecting type. In the radio telescopes the 
ma celestial source are received by an antenna 


radio radiations fro dg arcas 
es them on receiving and recording apparatus. 


The chief о 


which concentrat 
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бад, ql vm de V D. биек E QE иш а. жин 

in something like the way that ripples spread over 
і when a stone is dropped into the water, 
he sensation that is produced when waves 
the eye, or more generally in terms 


such as the sun, 
the surface of 4 
Light may be defined as t h 
of appropriate lengths сте! 
of the wave motion itself. 


Pis is the 
Ihe wavelength 15 pale 
waves, In the limited range which causes the sensation of light, 


the wavelengths vary [гой 1 «ү Seni for violet light to nearly 
twice that length for the шоны A vis сап sce. The total radia- 
tion [rom a source has a far greater range ol wavelength than the 
eye can detect, from gu tr ie the order of a billion waves to 
the Reh to pado waves which may be many miles long. ‘The fre- 
quency of the radiation 1} ше monber of waves emitted by the 
source in a second: It equals the velocity of light divided by the 


i pond 


distance from crest to crest of successive 


wavelength. 

The velocity of © - fas 

speed of all the radia The speed is reduced in a 

as air OT glass, depending on the density of the me- 
69 | 


f light is about. 186.300 miles a second; it 
tion IN à vacuum. 


medium, such 
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is i re: - the refraction 
dium and the wavelength. “This is the reason for 
ol light. 


A " ‚ direction of a ray of 
5-2. Refraction of Light is the change in the directi metu a 
> “di Into i 
i shen it passe . 'om one medium . 
light when it passes obliquely fron жеее 
dillerent density, as from air into glass. A"ray o ә“ n is moving. 
s # А уы ster i 
direction in which a narrow section ol thc wave Буз Jy enters 
When a ray of light oblique d i 
2 » its speed is re- 
a denser medium, where its apes uii Бе. 
duced (Fig. 5-2), one side is retarc е : 
E np sve [rn 15 ac- 
lore the other. The wave [ront 


` ray 
е 4 and the 
cordingly swung around, 


rpendicular to 
becomes more nearly perpendi 


v two media. 
the boundary between the two rer me- 
T rs а га 
B а ihe Р тау enters а 
Fic. 5:2. Refraction of When the oblique гау 
Light. A ray of light pass 
ing obliquely Irom one is orig- 
А eb Ў еи ý 
medium into another is tion ol the ray is not altered if itas ie 
changed in direction, ы же the boundary. 
S inally perpendicular to ЕШШ. i 
T i — refrac 
Fig. 5-2A shows how a double convex lens forms " lens than 
; ; ; s rikar D the le 
al inverted Image of an object that is farther from 


axis of 
à к J » arallel to the axis 

is the focal point, Р, the point where rays parallel t of the 
the lens are focused, 


ES acted away from 
dium instead, it is refracted " P mr 
i ‘vide y the 
the perpendicular, Evidently 


re 


~ center 
Rays which pass through the cen or 
і "ы H 4 d A è WME y 
lens are unchanged in direction. When the image k ipae Sut 
i wiki 5 a simila ens, v 
lens is brought within the local distance of a similar 


a 
— ' age pi * 
Fic. 5-24, А Simple Convex Lens Forms an Inverted Real Ит 
Celestial Object. 
| ‚өйү the 
ond lens serves as an eyepiece with which to view and magnily 


iHi А Si rive 
Image, leaving it inverted, A Single lens, however, docs not 8 


: Pd : han 
a sharp Mage, mainly because : 


з — re 

retracts shorter waves mo bring 
longer ones, violet light more than red, so that it docs not bris 
them together at the same focus, 


Vhis confusion of colors is ] 
Corrected by the use ol 


“compound lens, 
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5:3. The Refracting Telescope. The objective of a refracting 
telescope is generally a combination of two lenses. Its aperture, 
or clear diameter, is given in denoting the size of the telescope. 
The focal length, or distance from the objective to its focus, is often 
about 15 times the aperture, Thus a 12-inch telescope has an aper- 
ture of 12 inches and may be about 15 feet long. For visual use the 
inverted image formed by the objective is viewed with an eyepiece, 
a magnifier of small lenses set in a sliding tube. The objective of a 
visual refractor focuses together the yellow and adjacent colors of 
to which the eye is especially sensitive, but not the 
t light which most affects the ordinary photographic 
cting device it does not serve well for pho- 


the spectrum, 
blue and viole 
plate. Without a corre 
sa оа a telescope intended for visual purposes is used as a 
holder replaces the cyepiece. A yellow filter and 
y be combined to utilize the light that is 
a correcting lens may be introduced for a par- 
Refracting telescope intended only for pho- 
than two lenses in the objective; they 


camera, a plate 
a yellow-sensitive plate ma 
sharply focused, or 
ticular kind of plate. 
ave re 
уг ‚ often have mo г | 
n ie. r shorter focal lengths and give clear pictures of 
generally have 5 


greater areas of the sky. 


Telescope of Yerkes Observatory at Williams 


Б.а 40-inch aan ia R 
5:4. The largest refracting telescope: its focal length is 


Bay, Wisconsin, is the 
63 feet, It has about 


strument of this kind, : 
A larger lens 


the greatest permissible aperture for an in- 
where the objective can be supported only 
1 1 might зар seriously under its own 
at the edge. 
weight. T" я 
к: 4 Я 
The equatorial me oe | | 
the type generally used lor the larger rel 

is is parallel to the carth's 


nting of the 40-inch telescope (Fig. 


“Фу is 


ac ung 


an example ol 
тү "ax 
The polar 

d parallel to the celestial 


l by the polar axis: 
hour circle, 


ам around it 
equator, The 
around it the tele- 
from one declination to 


telescopes. 

the telescope 15 (is 
] 5 2a. rte 

declination axis is SUPP“ 


» А ап 
scope is turned along 


turne 


another. Я 

The polar axis carri Es ils А showing the hour angle 
of the star toward which PIS s rope is pointing. 
which indicates the stars 
ion axis shows the 


ries a graduated. circle 


There is also а 
dial on the piers right ascension, А 
circle on the declinat dedination of the star 
By the use of these circles the telescopes can be pointed toward м 


i " in right ascensi 7 ч P x ge 
celestial object ol known MSH" ascension and declination: it is then 
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as 
This is an equ: 
å "e n This is at ы 
Fic. 5-4. The 40-inch Telescope, Yerkes ee a nth celestial 
i i " rpenc Й 
torial telescope; it can be moved parallel and perpen 
equator. 


А The dome 

kept pointing at the object by mechanism in the pier. The 

is turned by motor, so th 

rection through the open 
The 36-inch telescope о 

California is second in si 


Н ; di- 
A 1 any 

at the telescope may look out in 4 

ed slit. amilton. in 

f Lick Observatory on Mount pc 40 

ze among refracting telescopes. : 
refracting telescopes have apertures of 20 inches or more. 
REFLECTING TELESCOPES 
5:5. Reflection from a Concav 


* Mirror, 
mirror represented in Fig. 


ы rical 
The concave api 
ature Ca 
5:5 has its center of curvature at 
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its focal point at F, to which rays parallel to the axis of the mirror 
are reflected. Rays passing through the center strike the mirror 
normally and return without change in direction. The mirror 
forms an inverted real image of a distant object. 

are achromatic, because reflection does not disperse 


АП mirror 
the light according to wavelength, as does refraction. The spheri- 
cal mirror, however, does not form a clear image; its focal points 
are not the same for its inner and outer parts. A remedy is to 


y 


\ 
WWI 


OBJECT 
MIRROR 


LE 


| 
М 


Mirror Forms an Inverted Real Image of a Celestial 


Fic. 5:5. A Concave P 
Fic. 5:5. А Conc Object. 


araboloidal instead of spherical. A good image 
be viewed with an eyepiece or photo- 
mirror can serve as the objective of a 


make the mirror р 
is then formed, which may 
graphed. Thus a concave 
telescope. 

pe has as its objective a concave mir- 
ror at the lower end of the tube; this is Am ined Ча ч glass һау- 
ground to suitable curvature and coated with 
aluminum. ‘The glass serves only to give 


5-6. The Reflecting Telesco 


ing its upper surface 


a fi | metal, such as : 
" is на "e ШЙ to the metal surface, and it need not have the high 
1e desired tor i 


Optical quality required for a el be SPURS Diu ol the disk 
may be supported. The focal lene n ne mesa is olten about 
5 times its aperture: sometimes Wn е i CCause the reflecting 
than the ordinary refractor of the same diam- 
construct and to house, 


telescope is shorter 
eter, it is less costly 10 
shy verv large telescope м 
nn bt reflects peg E the celestial object to the 
prime focus in ihe middle o x "d Bear the upper end, where 
accessible to the o5server only in the very largest tele- 
ptonian form а small plane mirror at an angle 
he tube reflects the con erging beam 2 


5 These are reasons 
are of the reflecting type. 


the image is 
Scopes. In the Ner 
of 45° near the top of ° ens bom 
the large mirror t focus a ui we of the tube. In the Gasse- 
&rainian form a small ORA ee replaces the plane mirror; jt 
reflects the beam back through an opening in the large mirror to 
focus below it. Where the large mirror has по opening, which 
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'i ‘le " the return 
is the case with the 100-inch Mount Wilson ip inh loe E 
ing beam is reflected to focus at the side by a pk 


— 
arge telescopes pre 
is z . т large teles 
front of the large опе. “This and some othe 


CASSEGRAINIAN FORM 


jewtonian 
» Newton 
in Two Forms. In the es 
т ine Tele » in ‘Two Forn » side by 
The Reflecting Telescope isvor is diverted to the М 
converging beam from the large mirr s Gum form the beam 
lassegraini: 
а small diagonal plane mirror. In the gi eh nürrof. 
reflected back to focus behind the larg 


form the 


sction of 
: ; rellectic 
Я T. i focus, by Y 
vide another place of observation, the coudé f d 
ci { H шогу * 
the beam through the polar axis to a labor у 


ain in south- 
5:7. The 200-inch Hale Telescope on Palomar Aot vestis 
ern California, completed in 1948, is the largest 0] 
Its large mirror is a disk ol 
and 27 inches thic 
aluminum, 


M Kc ater 

fun diame 

pyrex glass nearly 17 feet in ted with 

Ы 2. 4 face cou 

k, having its upper, concave pur the ob- 

At the prime focus 55 lect above je bstructs 1685 
i i è А . че. w 10 

Server is carried In a Cage 5 [ect in diameter, whic = inch photo 

М ОЕ i ` 

than 10 per cent of the incoming light. Here a 5 р ; рош the 
i i о sz 861 га 

graphic plate records an area of the sky 260° X 36!5^. or € 


agnitude 
а, Té magni 
apparent area of the full moon, Stars of the 19th 
can be detected with 


. 94th 
an eyepiece, and stars as faint as the 
Magnitude can be Photographe өйүүр: Dean 

When the 41-inch CONVEX mirror j set in the converging 
it reflects the light through the 40-inc 
10 locus below it. The effective 
grainian focus and 510 feet 
The telescope tube 


‘lectrically. 
d or measured photoclectri 


— 
ә aroe mirro! 
h opening in the large imd 
i. ENDS Fass a e Ci 
focal length is 267 lect at - ratoty: 
d H d 1 Or: 
at the coudé focus in the lab 


‘nation 
= aN clinatic 
Of skeleton onstruction moves in decl 
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View from 


ale Telescope, Palomar Observatory. 


he EST "The 200inch H 
Fic, 5:7. ‘The 200-in the east. 


hich forms the pola The tube, together 
Ww 


within the yoke rver's cage, weighs 140 tons. The dome is 


with the mirror and obse 
137 feet in diameter. 
e Reflecting Telescopes. The 120-inch telescope 
"p Observatory on Mount Hamilton, California, is the 
ol the Lick RE ойи. its mirror has a focal length of 50 leet. 
er aa о has an observer's cage at the prime focus. 
Sas bsp plo the 102-inch telescope of the Crimean Astrophysi- 
čal Observatory, the 10-inch ы, eil the Mount Wilson Ob- 
servatory in California, the cedi Mee um E the McDonald Ob- 
* it Locke, Texas, and the 80-inch telescope of the 


| Observatory near Vucson, Arizona. Four others 
the list of optic 


5.8. Other Larg 


servatory on Мош 
Kitt Peak Nationa 
complete for the moment 
in diameter. 

‘These az the eyepiece at the | 5 xr pho 
graphic plate replaces x Ж a at the ocus, The photographs 
provide permanent лен db cu heavens, which 
By cumulative effect. of 


al telescopes 6 feet or more 


are often employed as cameras: 


сап be studied 


deliberately. the light with prolonged 
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exposure they show features invisible to the eye at the oe? 
scope. The telescopes are also employed to concentrate the light ¢ 


й : ша | the spectroscope and 
celestial objects on auxiliary apparatus, such as the spectroscoy 
photoelectric photometer. 


Fic. 5-8. 


з /atory- 
Dome of the 120-inch Telescope, Lick Observatory 


irable 
„а: is admirab 
The type of reflecting telescope thus far described а » ides is 
А j e 
for photographing limited arcas of the heavens. Anoth 
more effective for recording larger arcas distinctly. 


Р * " "прага 
5:9. The Schmidt Telescope is named after its designer, Ber 
Schmidt 


. er- 

‚ ап optical worker at the Hamburg Observatory pen 
many. Its objective is а spherical mirror, which is easy t° acted 
but is not by itself suitable for a telescope. Parallel ra a 
al part of such a mirror are focused farther away p 

it than are those reflected from its outer zones. “The appa. 
correction is effected by a Special type of thin lens, the ine ds 
plate, at the center of curvature of the mirror. The lens к! 
diverges the outer parts of the ke 
middle, so that the entire 
face, 


by the centr 


entering beam with respec ] sur 
beam is focused on a slightly curve’ the 
The photographic plate, Suitably curved by springs 1! iÈ: 
plate holder, faces the mirror between jt and the correcting pla 
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The size of this type of telescope is denoted by the diameter of the 
correcting plate. The Schmidt telescope can photograph rapidly 
and clearly a considerable area of the heavens, for example, a large 
part of the Milky Way. 

The largest telescope of this kind is the 48- inch Schmidt tele- 
scope of the Palomar Observatory. Its 72-inch mirror has a radius 


F i 5-9. The 48-inch Schmidt Telescope, Palomar Observatory. 
IG. 


of curvature of 20 teet, which is about the length of the tube. The 

i 10 feet. An important achievement of this tele- 
ational Geographic Society Palomar: Observ; могу 
Sky Survey, а photographic e ста heavens north of declina- 
tion 97° $, The atlas consists ОЇ 879 pairs of negative prints from 


e plates, each print 14 inches square ar 1 
E d red-sensitiv 1 b 
blue- and re ro on a Side. 


focal length i5 
scope is the N 


covering an arca / The survey reaches stars of the 
20th magnitude and exter ior galaxies of the 19.5 magnitude. 
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ор Schmidt 
Other examples of this a уре е ys төл Institute 
telescope at the Nassau Astronomical Station 9 тей ot Michigan 
of Technology. the similar telescope ы the l ше "i Y ire East 
Observatory, and the 31!,-inch Schmidt telescap? ker schmidi. tele 
Observatory, dedicated in 1955. The 33-inch ч ч АЙ iba 
scope of the Boyden Station near Bloemfontein, 50 
modified type. 


оет telescope his 
5-10. Advantages of a Large Telescope. (1) тне н or d i 
greater light-gathering power, which тасынын пй КГУ power. 
be explored. (2) It is likely to permit greater Kona "ner detail 
(3) It has greater resolving power, so that it reve: 
than can be observed with a smaller telescope. sus in direct prO 
The light-gathering poer ol a telescope кенет its diameter. 
portion to the arca of the objective, or the cis the 200-inch 
A particular star is accordingly 400 times as sg ide an be observed 
telescope as with a 10-inch telescope. Thus seats | - sige Tait 
with the former that are too faint to be detected " sie incre: 
The magnifying power ol a telescope used ae : T celestial object 
with the length of the telescope. The diameter a : telescope times 
in the photograph equals the focal length ol i те by 57°.3. 
the angular diameter of the object in degrees € о, appears 
{е 


es 


1 
өре 2 -— ter of about 1^ А 
Thus the moon, having an angular diameter ^ кш nonis f 
Bini is а б y кя at the p е ing 
5% inches in diameter in a photograph He i 1 был refracting 
; " s with a 10- : rse, 
200-inch telescope, and about VA inches v pi sive can, ol course 
telescope of the usual type. In either case, i Е 
be increased by enlargement of the photograph. lar distance be- 
СЕ a 4 апе А Ы a 
Fhe resolving power of a telescope is the ange lescope in the 
E n » teles | 
tween two stars that can be just separated with the Eare is related 
best conditions, This least distance, d in seconds o im Ta the 
` А T бип ; R 
to the wavelen th а эрте ‚а, in the same t . the 
8th, А, and the aperture, а, | telescopes! 
for Я: d' сү гө жщ Ze; dinl t€ 
formula: q 1.03 x 206,265" x A/a. For visu 


formula becomes: d” — 4n 


aq in 
is expressed ! 
inches: the 


/a, where the aperture d 07.46 for 


value is 07.023 for the 200-inch telescope, an 
10-inch telescope. We Notice 

l in radio 
detail, 


" 
+h greate 
a ch § 


j ‚һе mu adu 
presently how tl less effec 


wavelengths employec 


М m 
i telescopes make then 
tive in separating fine 
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5-11, Dispersion of Light. When 


ely 
from one medium to 


5 asses obliqu 

а beam of light passes О dim is 
* rec 

another, as from air into glass, its dirt 


күлүү РЕР M " z 
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altered (5-2). Because the amount of the change in direction in- 
creases progressively with decrease in wavelength of the light, from 
red to violet, the beam is dispersed by refraction into a spectrum. 
‘Thus the rainbow is produced when sunlight is dispersed. by rain- 
‘The spectrum is often obtained by passing the light 
It goes on beyond the visible 


drops. 
through a glass prism (Fig. 5-11). 


Formation of a Spectrum by a Prism. 


Ninos he ultraviolet in onc direction and the infrared in the 

ange " í 

ou a э ' й ! у Бе recorded by photography and other means. 
ler, where it may к 

A familiar type of spectroscope consists 


5-12. > Spectroscope: х кү: seid б; a 
= aj А Pi which a collimator and view telescope are 
Ol a glass prism, tow? 


ү; light enters the tube of the collimator through a 

directed, ‘The light € à в А ^ ates. The 

nis oi ven: [iG sharpened edges of two metal plates. “The 

d te е ib point of the collimator lens. After passing 
Is at the toc 


COLLIMATOR SUT 
1 


[Гү PRISM 


W TELESCOPE 


ре. (Courtesy of Adam Hilger, Ltd.) 


Fig. 5:19, ‘The Spectrosc 


throug} the lens, the rays are accordingly parallel as they. enter 

і the lens. ? P : „Жы, 

the pri ‘The light is refracted by the prism and dispersed. into 
лу. 1€ n 


а spectrum, which 15 bi и : і 
] by its evepicce. For purposes ol astronomy 


ought to focus by the objective of the view 
telescope and magnifict i 
is attached to the telescope, which serves Lo con- 


the spectroscope : А . 
e celestial body and to focus it on the slit. 


Centrate the light of th 
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, ed 
iece i rally replacec 
Here, and in the laboratory as well, the eyepiece is generally re] 
by a plate holder. 


г » spectrum, 
3 The hr t-line spect) , 
5-18; Emission and Absorption Spectra. The brigh E — a 
. e н. g а, T CS 
or emission-line spectrum, is an array of bright lines. bur of wai 
j p a " я "ЖИ Үз ипе c 
. А ying gas that radiates in a limited nt PW 
the light is а glowing gas that radiates in is fr куган 
ERAS NN mic: ement emits В 7 
lengths. Each gaseous chemical cleme a be identified. by thé 
selection of wavclengths and can, therefore, bc 


^ ^e ide өө e СН 


ШШШ 


(i dopo obe nde ШҮ 


LET] 


> dark- 

> Jeft are the © : 

13. Dark.Line and Bright-Line Spectra. At ШЕ лы, They are 
Spectra of Alpha Cygni (above) and Betelgeuse 


ИЙГИЛЕ 


Fic, 5. n 
s pr 
Hine i spectrum. At the S a 
Photographed between bright lines of the ШШ. dine stars! spectra appe? 
the dark D lines of sodium in the vellow a ts rie Doppler displace 
i 1 i ere j о 
between bright comparison lines of sodium. и Wilson Observalor) 
ments of the dark lines are clearly shown. (Mou? 


photographs) 


к „п tube, 

ei 4 as of a neo 
pattern of lines of its spectrum. The glowing gas 
for example, produces a bright-lin 
The continuous 
lengths, 


€ spectrum. in all wave: 
; issi in : 7 

Spectrum is a continuous emission aii mi 

ру A j i 5 id or lic , 

The source of the light is a luminous soli 


+ eolectiv 
i ; "S nit sclec 
may be a gas in conditions such that it docs not е 


con- 
The glowing fil 
tinuous spectra, 


cly. 


The dark-line 
of dark lines on 
Observer a 


а ases. 

spectra of certain gase -—" 
1 spectr 15 € * 

ог absorption-line spectrum, 


n the 
3 s men tween 

a bright background. Gas intervenes bet а сой 
and the source of li a 


tinuous spec trum. 
waveleng 
chemic 
line 


8и, which by itself may produce тп of 
abstracts from the light the par own 
me conditions and thus reveals de 
The *Pectrum of the sun is essentially a dé 


IS 
i " e aun 
the sunlight has filtered through th 


arth before Teaching us. 


The gas 
ths it emits in the sa 
al composition, 

Spectrum, because 
Pheres of the sun ande 
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Where the gas consists of molecules, such as carbon dioxide or 
methane, the spectrum shows bands of bright or dark lines charac- 


istic of these molecules. 


5:14. The Doppler Effect. When a source of sound waves, such as 
the whistle of a locomotive, is relatively approaching the observer, 
the waves come to him crowded together, so that the pitch of the 
sound is raised. When the source is receding, the pitch is lowered. 
The Austrian physicist C. J. Doppler pointed out, in 1842, that a 
similar effect is required by the wave theory of light: thus a star 
r bluer when it is approaching and redder when it is 
The French physicist H. Fizeau explained in 
effect would be a displacement of the lines 
The Doppler effect in the spectrum is as 


should appea 
receding from us. 
1848 that the perceptible 
in the star's spectrum. 
follows. 

When a source of li 
the lines 


ght is relatively approaching or receding from 
in its spectrum are displaced respectively to 
engths by an amount that is directly propor- 
proach Or recession. . 

spectrum lines to the violet or red from 
en our only means of observing the mo- 
tive to the earth. Applications of this 


the observer, 
shorter or longer wavel 
tional to the speed of ap 

The displacement of the 
their normal positions 15 olt 
tion of a celestial body rela ә 
useful effect are noted in later chapters. 
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ex the study of the heavens by reception of 
5-15. Radio Astronomy is the stuCy 9 re mii I 
t radio wavelengths. he radiations that can 


Cosmic radiations à : | 
ground range in wavelength from less than 1 ст 


Come through to the 
to about 30 meters. 
Molecules of our atmos 
not ordinarily penetrat 
Of this continuous radio | 

and the only known emission line at wavelength 


Nomical purposes, ногата | e hen 
D 5 ; 05], 15 use vhere the velocity of the source 
21 em, discovered in 1951 clocity source 


i «also required, 
In the line of sight is also neg 
adio Wavelengths arises from two different 


thermal radiation, is what would be ex- 


Waves much shorter than 1 cm are absorbed by 
phere, and those longer than 30 meters can- 
е the elec trified ionosphere. Selected parts 
"window" are employed for various astro- 


Cosmic radiation at Г 
Causes, “The first type s 
ected only from the temperature ol the source as ordinarily defined; 


i from a missi " " ан, Ms 
Ч may соте, for example: n an emission nebula, where the gas 
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— estar in t ш 
2 1 2 nized by a blue s ‘The 

has been highly heated and io t by minia tenei; 3 
This kind of radiation is strongest in the сет r the first, which 

Д à | С 
second type is nonthermal radiation, an excess OV 


: articles. re- 
А ig partic 
iati à у fast-moving 
j radiation. emitted. by 
may be the sort ol 


tory» 
aborato 
m search La 
Fic. 5:15. The 50-foot Radio ‘Telescope at the Naval Resea 


Washington. 
volving in the synchrotrc 
Stronger in the meter w 

Although radio rece 
as 1931, extensive 
did not begin until 1946, 
since then has been г. 
radio engineers as we 


ch 
© ig MU 
догу: it 15 
"оГ the radiation laboratory: 


“ter ones. 
avelengths than in the shorter 


ion Ё as achieved 
ption from the heavens was ach 


as carly 
activity in rag 


ion 
апо! 
peril 
i ilding and о} 
lo telescope building 


po Progr 
alter the end of World War IH 
apid in this ne 


П as astronome 


ess 


stare, Sl 
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ist of ra 
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astronomical obser compi'ed oy J. L. Pawsey in 1957, in- 
cludes 50 such observatories in 20 different countries. 


5-16. The Radio Telescope is analogous to the optical telescope. 
Its antenna, like the optical objective, collects and focuses the radio 
beam from the celestial source toward which it is directed. Instead 


: n io Telescope of the Radio Observatory, Ohio 
Fic, 5-16, The 96-Helix as University. 


the source, the antenna concentrates the 


Of forming an image o! е 
p re small dipoles. whence the energy is conveyed 
mit ? " е ы 

"The strength of the signal at a chosen wave- 


a registering meter. “Phe antennas are 


beam on one or 
to à sensitive receiver. 
length is then recorded by 
essentiale ә kinds: 
rade m type ol radio antenna is a "dish" ol sheet metal 
Or wire mesh, resembling the large mirror of the optical reflecting 
telescope, The instrument ig Uis form is generally steerable. Like 
Many optical telescopes it can be directed usually toward a selected 


Point in the heavens and can follow that point in the daily westward 


Movement. 


The flat-type a : à : нени 
tended far enough to Pro’ ide the desired resolving power. This 


enna is an array of collectors, which mav be ex- 
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type of antenna has a varicty of forms. As an кш nnd 
and associates at Ohio State University have employed t > le ‘The 
with which the radio map ol the sky (Fig. 17- Lo уе E of 96 
antenna, which operates in the meridian (Fig. 5* agire p me is 
helices mounted on a stecl frame 160 feet long. The fra 

pivoted on a horizontal cast-west axis 


so that it may face any ars 
of the meridian from the south horizon of Columbus to the nort 
celestia з. PX 
The Me Cross, designed by B. Y. Mills at Sydney, че mA 
a crossed array of dipoles, each arm 1500 fect long. 18 е gather- 
solving power of a paraboloid of that diameter, es erm in length 
ing power. А similar crossed array having arms 20: 1 1С 
15 Operated by the Carnegie Institution in Washington. — 
The radio telescope is as effective by day as by night. is af walt 
wave radiations it records are not obstructed by the a mae at 
atmosphere or by the interstellar dust clouds that E se can lo- 
the universe from the optical view. ‘This type of telesco] 
cate in space the otherw 


М 'drogen. 
invisible clouds of neutral di * 
Я оза Fea arns yur galaxy, 4 
which serve well as indicators of the spiral arms of ¢ t —— be- 
: А к, radi recs at € " 
it may be capable of recording strong radio sourc 
yond the reach of optical telescopes. 


И acure of the 
5:17. The Resolving Power of a radio telescope 15 à emm 
fineness of detail it can record. Calculated by the sar the least 
(5-10) as for the optical telescope, the resolving рохе! f = they сап 
angular distance between two radio point sources at oe сна 
be separated with a particular telescope. ‘The value oi : tion and 
angle is proportional directly to the wavelength of the radia E with 
inversely to the diamete 
the longer w 
fine det 


r of the antenna. Because it opor alë 
avelengths, a radio telescope is less effective in sep: Thus 

ail than is a 

the critical separ 

21 cm is 47° 


n optical telescope of the same sies irn af 
ation for а 50-foot radio dish at the wave s 023 at 
l as compared with a least separation of only 0^.V7 
visual wavelengths with the 200-inch Hale telescope. 
A partial remedy for the deficiency in resolving power А 
t is to employ larger antennae or interference methods: 
oth, 


of radio 
or 


"Type Radio Telescopes. Т ne seii 
foot paraboloid completed i 957 at the Jodrell Bank Exper!" 
tal Station of the Universi £ Manchester is the largest steera 
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radio telescope in operation. Its range of wavelength is from 10 cm 
to about 20 meters, so that it can record the 21-ст radiation of neu- 
tral hydrogen. The mounting is of the altazimuth type. Second in 
size is the 210-[oot paraboloid of the Radiophysics Laboratory at 
Sydney, Australia. This telescope, situated about 200 miles west of 


T же 


oe 


io Telescope at the Jodrell Bank Experi- 


-„„ 980-foot Rad А 
The 250410 University of Manchester. 


Fic, 5-18. 3 
ıl Station, 


menti 
Sydney, is designed to operate mainly a the range Irom 10 to 50 cm. 
It has an altazimuth mounting, but ® ө employed effectively in 
stem. Next 15 the 10-foot paraboloid of the 


the equatorial sy Es 
stronomy Observatory at Greenbank, West. Vir- 


National Radio ^ 


ginia. TE 
A steerable 600-foot paraboloid Is under construction at the Naval 


RC Sugar Grove, West Viroinia- iri й 
Radio Research Station at Ж x ove, West Virginia; it is designed 
SEE. QE T ica s resear R 
primarily for military ne alons research, but will also be 
used for certain astronomic purposes. 
у m ids havi onmes ers 
The number of paraboloi laving diameters less than 100 feet is 


n A 4 ng these are T x 
increasing rapidly: Among are the twin 90-foot paraboloids at 
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California Institute of Гес hnology's radio observatory in the Owens 
Valley about 250 miles north of Pasadena, Ehe two telescopes oper 
ate at wavelengths from 5 cm to 1 meter. They are equatorially 
mounted on flatcars that move on north-south and cast-west пайа 
1600 feet long, where they may be used either separately or together 


as an interferometer giving high resolution. 


Questions ON CHAPTER 5 


ы А Я что telescope. State 
l. Distinguish between the refracting and the reflecting telescop 


the aperture and location of the largest telescope of each kind. "T 

2. Give reasons why very large optical telescopes are all reflecting 
telescopes. “ope 

s Mention some advantages of the equatorial mounting fro galee. 
as compared with an altazimuth mounting. , 

4. Distinguish between the Newtonian and Cassegrainian forms 
reflecting telescope. 

5. Describe the Schmidt telescope. What are some 
over the type of telescope considered in Question 4? ; И 

6. Give reasons why a telescope of larger aperture 15 superior 
of smaller aperture. А P 

T. Explain how a spectrum is produced when a beam of light ч rei 
slit before the pr! 
(b) the 


of the 
of its advantages 
to onc 
assed 


through a glass prism. What is the purpose of the t 
8. Describe. the appearance of: (a) the bright-line spectrum: 
continuous spectrum; (c) the dark-line spectrum. А ach kind of 
9. What is the physical nature of the source producing cac ! 


ж” he 
seme cle н on of Ч 
spectrum? What can be learned about the chemical composit 

source in each case? is 


: 4 he > source 
10. State and explain the effect in the spectrum when the 


approaching or receding from the observer. 


11. Explain that a radio telescope is ess effective: di ise pan 
detail than an optic 


wing fine 


al telescope of the same aperture, 


ч s com- 
12. State an adva E x Jescope et 
Е Apes an advantage and a disadvantage of a radio telesco] 
pared with an optical telescope 
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6 
THE MOON IN ITS PHASES 


MOTIONS OF THE MOON — THE MOON'S SURFACE 
FEATURES — ECLIPSES OF THE MOON 


The moon is the earth's satellite, or attendant. Next to the sun, 
it is the most conspicuous in our skies, because it is the nearest 
celestial body to the earth. ‘The moon and the earth revolve to- 
gether around the sun, and mutually revolve meanwhile around а 
point between their centers. Some satellites of other planets are 
unlight 
we 


larger than the moon, but none of these reflects as much 5 


to its planet as does the moon to the carth. In this ase its 
earth, 1 


consider the moon's motion relative to the sun and to the 
of the 


surface features which are in marked contrast with those 
earth, and its eclipses when it enters the earth's shadow. 


MOTIONS OF THE MOON 


6-1. The Earth and Moon Are Like a Double Planet. Although 


: ч А ЕРТ ion ol 
the moon is not the largest of the satellites, it has the distinctie f 
E! R " £ e dn size an 
being the one most nearly comparable with its primary in 51/6 
3 
© 
МҸ E 
New 
new 
Wap > 
Алт C TM 7 yah 
F 6 1 FULL 
G. 6-1. Orbits " › 
of the Earth and Moon Around the Sun. 
mass. The moon's diz rter 
s diameter of « ; , arte 
of the amen neter of 2160 miles is more than a quart 
earth’s diameter, ара it А he earth 5 
mass 5 mass is 5 as much as the 
Imagi 
ine the centers of the ear rod. 
he point of support the earth and moon joined by a stout) he 
at whi 4 is t 
center of mass of th ав two bodies would balance 15 | 
e earth-moon sy rount 


Stem, It is this point а 
88 
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which the earth and the moon mutually revolve monthly; and it is 
the elliptical path of this point around the sun that we have 
hitherto called the “earth’s orbit." The center of mass of the 
carth-moon system is only 2900 miles from the earth's center and is 
therefore. within the earth. Thus the moon revolves around the 
carth, although not around its center. In the descriptions that 
follow it is convenient to consider the moon's revolution relative 


to the earth’s center. 


6-2. The Moon's Distance from the Earth. A frequent way of 

measuring the distance of a celestial body is by observing its 
s g : obs 

parallax. Parallax is the difference between the directions of an 


SAN FRANCISCO 
* 


rly Its Breadth as Viewed 
ancisco. 


is Differ by N 
and San I 


Fic. 6-2, The Moon's Directio! 

Ў from New York 
ym two different places. Notice how a 
mp back and forth against a distant 
ed alternately with the two eyes. The 
is its change in direction; and the 


object when it is viewed frc 
near-by object seems to ju 
background when it i5 view 


3 eater 
nearer the object, the 8! д p 
amount of ei parallax would be greater, of course, if our eyes 


Vn a Where the рну чак SE measured and 
the distance between the two points of observation is known, the 
ҮЧ кн е is readily calculated. 

"Ths derent in the moon's аге from two widely sepa- 
"bit ОП the earth is 50 great that the parallax can be ac- 
curately measured. Observed at the same Instant from New York 
and San Francisco. the moon's positions among the stars differ by 
nearly the full breadth ol the од, or nearly half a degree. When 
We speak of the moon's parallax ordinarily, it is as though one ob- 
Server were at the center 9! the earth and the other at the equator 
Wile the ngon; or МЗ horizon. It is this equatorial horizontal 
parallax that is give? ior the sake of uniformity, 

The moons parallax at its average distance from the earth is 
nearly 1°. The average distance of the moon from the center of 
the earth is 238,857 miles. which is only about 60 times the radius 
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i i i те », Close agree- 
of the earth, or less than 10 times its circumference. v е 
| i] 1 ay Ч the VO-Wa 
ment with this value has been obtained by measuring y 
а i cflc : > moon. 
travel times of many radio pulses reflected [rom the m 


reat in com- 
i ies are so great in СОГ 
The distances which separate the celestial bodies arc ne m аракет 
t] i it i i Pa [e 
parison with the sizes of the bodies that it is often е хай, db 
- : da i NEP Fig, 6-2, for exa , 
the two on the same scale in the diagrams. In Fig. 


moon should be placed 2% fect from the Linch earth. 


8, : A А ;c of smal 
6-3. The Moon’s Orbit Relative to the Earth is an cllips 
eccentricity, having the 


“gee. where the 
rth at one focus. At a, = ais 
i ^ ce prs of t 
moon is nearest us, the distance between the centers dte 
: ng Р тее, W 
and earth may be as small as 221,463 miles. At apog 


^ ле dis- 
moon is farthest from us, tl 


, 959.710 
as 222. 
WS ОВА, i 
n 


tance may be аз great d 
miles. "Ehe resulting variat Pus 
j > e in 
more than 10 per cent b 

moon's apparent diameter E 


LINE OF APSIDES 


Avdcee 


Q= — 
PERIGEE Farry 


"'onspicuous to 
not enough to be conspicu 


the unaided eve. 


TET us is 
The moon's orbit m e 
А ; mainlv bé 
changing continually, main ; in 
T ‘qual (Пес о 
Fic. 6:3. The Moon's Orbit Rela- cause ol unequal reped кес 
tive to the Earth, The orbit is an sun's attraction for t 


ellipse 
Cxagge 


of small eccentricity (much 


ed in the diagram) with 
the carth at one focus. 


is one of the many у 


ariations 
the moon's motion 


an intricate 
$0 well solved that the 
to be predictable w 


6-4. The Moon's Phases 
moon is a dark globe lik 
while the other half turn 
of night. The phases 
lit hemisphere that 
of the month. 


It is the new moon that 
toward us. The moon 
10 pass directly 
On the second 
is likely 


iff apes it shows. 
are the different shapes it she Nn 
€ the earth; one half is in the sunlig 


"sS 
TES » darknes 

ed away from the sun is in the « 
are the y; 


are turned towar 


© major 
earth. For example, the е ar 
axis of the orbit rotates cas n 
in a period of about 9 years. 


A: ination ol 
which make the determinati 


‚ being 
problem, but a problem now tidy 
4 avens is soon 11 
moon's course in the heavens is s 
ith high accuracy. 


The 


. m- 
> pn's St 

rying 2 s of the mot 

arying amount 


i i > course 
d us successively in the € 


passes the sun; the dark hemisphere 15 
is invisible а 
across the sun’s disk 
evening after the new 
to be seen in the west af 


at this phase unless it Va on 
‚ causing an eclipse ol the st 4 
phase the thin crescent mont 
ter sundown. The crescent grows 
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thicker night after night, until the sunrise line runs straight across 
the disk at the first quarter. Then comes the gibbous phase as the 
bulging sunrise line gives the moon a lopsided appearance. Finally, 
a round full moon is seen rising at about nightfall. Тһе phases 
are repeated thereafter in reverse order as the sunset line advances 
over the disk; they are gibbous, last quarter, crescent, and new again. 


<- 


(Т) aa 


CRESCENT эйе» 


QUARTER 


© 


GIBBOUS 


puit NEw 


Fic. 6-4. The Phases of the Moon. The outer figures show the phases 
S as seen from the earth. 


г cusps, of the crescent moon point away from the 
or › 


"The horns, resce 
's pl | nearly in the direction of the moon's path among 
sun's place, and near? 
the stars. They are more ne 
horizontal in | 
e changing direction of the ecliptic with respect 


uly vertical in the evenings of spring, 


the autumn. Their direction in 
and more nearly 


the sky follows th 


: р » year. 
to the horizon during the y 


6-5. Earthlight on the Moon. Often when the moon is in the 
crescent. phase we see the rest of the moon dimly illuminated, 


This appearance has been called “the old moon in the new moon's 


arms,” for the bright 
faintly lighted part Q 5 

The thin crescent 151 
is made visible by sunlight reflected from the earth. Just as the 
darkness Of night for us, so the earth shines on 


crescent seems to be wrapped around the 
ig. 6:5). 


n the sunlight, The rest of the moon's disk 


moon tempers the : 
the moon. If anyone lived on the carthward side ol the moon, he 


would see the carth up among the stars in his sky (Fig. 1:34) going 
through all the phases that the moon shows to us. They are, of 
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Fic. 6-5. 
at the Crescent Phase in the Morn- 


Earthlight on the Moon 


ing Sky. The planet Saturn had 

emerged from behind the moon 

half an hour before. (Yerkes Ob 
servatory photograph) 


THE MOON 


IN ITS PHASES 


Js — 
course, supplementary: full earth 
The tull 
imes as great 
earth would look 4 times as gre 


occurs at new moon. 
in diameter as the full moon ap 
pears to us, and something like 
60 times as bright; for the earth 
is not only a larger mirror to 
reflect thé sunshine but, omg 
to the atmosphere, it isa ed 
reflector as well; it returns а eis 
of the light it receives from the 
sun. | 
р — is plainest when Fs 
moon is a thin crescent, for de 
earth is then near its full in Ps 
lunar sky. Itisa blucr light пып 
that of the sunlit moon, мее 
a considerable part of it 15 sul 


atters the 
; po M WM us scatters 
light reflected by our atmosphere. The air around us 


shorter way eleng 


6-6. 


a "s. 
ths more effectively, as the blue sky show 


‚ again, 
T A new aga 
he Month of the Phases, from new moon to 


re 
TA ength mo 
averages slightly more than 29%, days, and varies in leng 


than half a day. 
the calendars. 


Because it is 
shorter 


than our 


months, with 


calendar 
a single e ception, 
the dates of the different ph 
are generally 
months, 


The length of the sidere 
month averages ?7W d 


ases 
earlier in successive 


al 


ays. It is 
the true period of the moon’s 
revolution around the earth, 
At the end of this interval 
the moon has returned to 
nearly the same place among 
the stars. In the meantime 


the sun has been 


moving east- 
ward as we 


ll, so that more than 
two days elapse after the end 


f 
> аг зоп о 
It is the synodic month, and the lunar п 


yl 


й 


Fic. 6-6. The Month of gh en 
Is Longer than the nd ^ wie 
Between positions 1 and 2 (he S e 
has made one revolution, com} ie 
ing the sidereal month. eke 
Odie month does not end unti 4 

тооп has reached the position 2: 
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of the sidereal month (Fig. 6-6) before the synodic month is com- 
pleted. 


6-7. The Moon’s Path Among the Stars. Two apparent motions 
of the moon are observed by everyone. First, the moon rises and 
` es westward around us along with the rest of the 
celestial scenery, because the earth is rotating from west to east. 
Second, the moon moves eastward against the turning background 
of the stars, because it is revolving in this direction around the 
earth. In the course of a day the moon revolves 360°/27.3, or 
about 13°, moving slightly more than its own diameter in an hour. 
‘The moon's apparent path among the stars is nearly a great circle 
of the celestial sphere, which is inclined about 5° to the ecliptic. It 
therefore crosses the ecliptic at two opposite nodes. The ascending 
node is the point where the moon's center crosses the ecliptic going 
north; the descending node is where it crosses 50115 south. The 
or slide westward along the ecliptic. Regression of 
much faster rate than docs precession of the 
only 18.6 years the nodes shift completely 
The moon's path through the constellations 
different from month to month. 


sets daily; it circl 


nodes regre 
the nodes goes on at à 
equinoxes (3-11). In 
around the ecliptic. 

of the zodiac is considerably 


6:8. Ephemeris Time by the Moon. The moans revolunoN around 
the carth provides an important means of timekeeping that is in- 
dependent e£ the earth’s variable rotation. The practical problem 
is to be able to observe precise ; 
SALE diae iq ste disk arrives ata particular place among the 
stars. The corresponding uniform eas time (4-7) when the 
can be determined by the theory of the 
t comparisons of this kind permit accurate 
icted ephemeris times of celestial events 
ordinary use. 


ly the universal time when the center 


moon has this position 
Frequen 


Moon's motion. 
pred 


corrections from the 
rsal times for 

Occasions when the бейрек ОТОТ occults, a star have been 
employed for a similar purpose. The star disappears almost in- 
stantly at the moon's eastern edge and reappears as abruptly at the 
western edge. Predictions of occultations for stations in the United 
States and Canada are published in Sky and Telescope. Approxi- 
mate times of occultations of some planets and bright stars are listed 
in the American Ephemeris and Nautical Almanac. | Occultations 
are also interesting t9 wate h with the telescope or with the unaided 
суе when the objects 27€ bright enough. The photograph of Jupiter 


to the unive 
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i Fig. 6-8) illus- 
d its satellites emerging from behind the moon (Fig ) 
an S 
trates a spectacular example. 


vis oon position 
A photographic device, known as the dual-rate m onini 
н | J res б and els 
camera, is employed at the U.S. Naval Observatory : v is 
e : Tock ttache i 
g — 1 a 1-С lock. ai 
for more convenient reading of the moo: кл: 
telescope of moderate size, it holds the moon fixe ота 
у роо i 
Stars during the exposure. In the photographs the p 


Fic. 6-8. 


n. 
hind the Moo 
Jupiter and. Its Satellites. Emerging aya ates 

` B Е p S 1 bse 
(Photographed by Paul Е. Roques, Griffith 


Р ation 
7а relatio 
are measured in j 
or 40 points on the bright edge of the moon are me ily gives а bettet 
to about 10 neighboring stars. "This method not only g 


control of our timekeeping but is 


>of 
‚1 ledge © 
also improving our knowledg 
the moon's Motions 


and its variations. 
6-9. The Moon Rises 
the solar day is 
cause the 
that the 


уы have.seen thal 
Later from Day to Day. We have s¢ ace 
about 4 minut š 


es » sidereal da 
BS longer than the sidere 
sun moves eastw. 


» fact 
‚ to the fi 
ard relative to the stars. Due as “Junar 
astward still] faster than the sun, 


it 
sy transi 
an the solar day. The interval from upper 

of the moon to its next upper transi 


varying as much as 15 minutes e 
to those who live beside the 
tween high tides. 


moon moves е; 
day” is longer th 


ar times 
< 94h 50m of solar 

t averages 24^ 50 em 

ither we 

ocean, 


i i ча 
it is of special impor t 
i interva 
for it is twice the intery 


7 ; ; "ET РУ setting 
Not only Its crossing of the meridian but also the rising and 5 
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of the moon are delayed an average of 50 minutes from day to day. 
The variation from regularity in the moonrise is even More marked, 
and we notice it particularly in the rising of the moon near its full 
phase. 

The harvest moon is the full moon that occurs nearest the time 
Then the moon near its full rises from 


of the autumnal equinox. 
as observed in our northern 


night to night with the least. delay 
In the latitude of New York the least delay is shorter 
Thus the harvest moon lingers 


latitudes. 
by an hour than the greatest delay. 
r early evening skies than does the nearly full moon 
giving more light after sundown for harvesting. 
‚ in the moonrise on successive 


longer in ou 
of other seasons, 
It can be shown that the least del: 
nights occurs when the moon's path among the stars is least in- 
clined to the eas 
tumnal equinox. 


{ horizon, as it is at sunset at the time of the au- 


6.10. The Moon Moves North and South during the month, just 
10. he I 
as the sun does during the year and for the same reason. The 
A oS b xcd 

s is nearly the same as the ecliptic and 


moon's path among the star banal poss 

is, therefore, similarly inclined to the celestial equator. 
C ler the full moon. Opposite the sun at this phase, the full 
;onsic er 


st north when the sun is farthest south of the equator. 
The full moon near the time of the winter solstice rises in the 
igh in the sky, and sets in the northwest, as ob- 
orthern latitudes; it is above the horizon for a 


moon is farthe: 


northeast, climbs h 


served in middle n 
е the full moons of other seasons. In summer 


around. The full moon of June rises in the 
ow in the south, and soon sets in the southwest, 


longer time than ar 
it is the other way 
Southeast, transits | 
like the winter sun. 

In some years the 
Other years. The gre 


moon ranges farther north and south than in 
atest range in its movement in declination 
occurs at intervals of 18.6 years. This was the case in 1950, when 
the moon was going fully 5° farther than the sun both north and 
south from the celestial Cue uS and many people remarked on it 
This variation in the range of the moon's north and 


at the time. db 
South motion is à consequence OF the regression of the nodes of its 


path (6-7). 


6-11. The Moon's Rotation: Its Librations. As often as it is re- 
Vealed in the changing phases, the lace of the “man in the moon” 
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i юп rotates o S, ах 
па 5 > t the m 

^ 7 15 his means th; 

is always toward t I 


ar 1 the 

whi it i i nce arounc 

› "ile it is revolving 0 

i sidere: nonth, whil {1s те sS ў ене 

once in a sidereal 1 F ыдан 
мете: is true the long e 

j t he statement is truc in 
earth. Although t 


and re 
sc inverted anc 
ЖҮ. The is inverte sas are 
Fic. 6:19, The Moon at First Quarter. The moon The mountains zm 
versed, as it appears Ordinarily through the telescope. hadows are longest: 
clearest near the Sunrise line, at the right, where the shac 


(Yerkes Observatory photograph) 
watches the moon ¢ 


arefully durin 
hemisphere is not 


same 
r e san 
2 e that th 
g the month can sce 
turned pre 


WEN Spots 
cisely toward us at all s y times 

ncar the moon's edge are Sometimes in view and at ot А The 

turned out of sight, as Figs. 6.19 and 6.19.4 clearly show. 

moon seems to rock 


as it goes 


tions, ог librations, aris 


1 


а 
scilla 
+ Р arent OS 
‘round us, ‘These appare 
€ chiefly from Ux 


© The moon's equator is ing lined 


111565. f its 
3 > O 
about 614° to the plane 
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orbit. Thus its north pole is brought toward us at one time and its 
south pole is toward us two weeks later, just as the carth's poles 


are presented alternately to the sun during the vear. 


Fi he Gibbous Moon About Two Days After First Quarter. 
"IG. 6-19A, The Gi icu 2 i 
2А. 5 m е"; 
which for быу таас УЧ. ; А А 
Sed in Fig. 6°12: Phe crater Copernicus is a little more 
“ster d › ап ы ise line 
d rn edge че he bulging sunrise line. (Yerkes Observatory photo- 
‘an hallway down t : graph) 


rl reading" is nearer the moon's 


The group of seas 


оноолт revolution is not uniform. In its elliptical orbit 
around us, the law ol equal arcas (4 5) applies: the nearer the moon 
to the earth, the faster is its revolution, Meanwhile the rotation of 
the moon:iís practically uniform. Thus the two motions do not keep 
Perfectly in step. although they come out together at the end of 
the month, The moon rocks in the east and west direction, allow- 
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ing us to see farther around it in longitude at cach edge than we 
‘ould otherwise. : i 

i Fully р. cent of the тооп surface has faced лш 
the month is completed. ‘The remaining 41 ре cent 15 „е 
from the earth; and if anyone lived in that region of the es in 
could never see the earth. Three fourths of the hitherto we a soo 
side of the moon was revealed for the first time in (ee qe e dark 
the space probe Lunik III on October 7, 1959. і к = жал 
blotch that was then added was the Sea of Dreams, as it was 

by Soviet scientists. 


THE MOON'S SURFACE F 


TURES 


e plainly 
6.12. The Lunar Seas. ‘Iwo features of the moon nt Deni 
visible to the unaided eye. First, the changing phases NE "5 be 
the most conspicuous sights in the heavens and were the firs 
correctly explained. Second, the large dark Br > although they 
disk of the moon were as well known in carly times, Илия 
were not as 


s we все on the 


well interpreted, as they are today. [ the familiar 
The dark areas form the eyes, nose, and шш the moon,” 
“man in the moon" and the profile of the "girl to represent 
which is casily seen when Fig. 6- 12A is turned RIEN ie тейт)" 
the view of the moon without the telescope. The “g wens вса$ 
c err pes 
the “hare,” and the "frog" are all formed by the same g 
in the telescopic aspect of the moon ere given 
s r areas, the lunar seas were 57 
Formerly supposed to be water areas, the l iheir original 
"#5 неа (int ^ 
fanciful watery Latin names that have now survived t ythers are 
В e inu HE: 
meanings. One is Marc Serenitatis (Sca ol E мү Rainbows) 
Mare Imbrium (Sea of Storms) and Sinus Iridum (Bay ol А pe ially 
и марра" "асе s: are cs pec 
half the moon’s visible surface and | they are 
" ine Ri. ite ; circular, : 
prominent in its northern hemisphere, Roughly circi e Crisium 
mostly connected, with the conspicuous exception of Mare is ate 
Fi З ss » dark spots * 
(Fig. 6-14). Although we stil] call them “seas,” the dark 1 
relatively d > : атте level 
clatively smooth plains Which are not all at the same 
frequent explan 


The seas cover 


T 
ati я : г Java, 1 
ation is that they are. hardened. pools of lava, 
sembling the great basaltic plateaus of the earth. 

. x "m her 
6:13. The Moon Through the Tel оре. There is still anot 
feature of the moon's surf 


2 , with the 

асе to be detected occasionally wit dh 

ake figas ^ © 1 ‹ » 

naked eye; the sunrise and Sunset lines are not perfectly smo А 

Ё RE : a cae 
Bright projections into the dark hemisphere show where the § 
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light illuminates lofty peaks before the sun has risen or after it 
has set on the plains around them. The moon is mountainous, a 


feature that was verified as soon as the telescope came into use. 


Fic. 6-13. Region of Mare Imbrium ey Diligent Hluminations. The 
lunar Apennines appear at the т y ips duis the crater Plato. below 
dis coni (Mount Wilson Observatory photographs) 

It was in 1609 that the Italian scientist Galileo heard of the 
discovery by a Dutch spectacle maker that two lenses held at suit- 
cas the eye gave a clearer view of the landscape. 


able distances before я 
all lenses into a tube and went out to view 


Galileo fitted two 5 P 
the heavens: he directed this telesc ope toward the moon first of all. 
Galileo observed the Junar Mountains and estimated that they are 


comparable in height with terrestrial mountains, This he could 


Bi А$Е$ 
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om, ees the darkness the 

do by noticing how far from the а they appear 
peaks first catch the rays of the sun. Like oe бехдар "Rie 
ab ret, growing larger until Пу ү: cx calculated from the 
heights of the lunar mountains may also : are ds Br dese ВУ 
lengths of their shadows and the altitude о 
at that time, istinct when they are near 

The mountains on the moon are most distinct ave: Lancet AR 
the sunrise or the sunset line. There the shadows 5. ae sunlit 
are with us in the early morning or late иш x "The view о! 
peaks stand out in bold relief among the shac As days of the 
the mountains is especially good within about 
quarter phases, ; (Fig. 6-13) of the same region е 

Compare the two photographs (Fig. 3 = oe ape eT Tam oul 
different phases of the moon. In the view : anc 
shining more 


e shorter, 
p ры ys are shor 
directly on the region; the shadows a 

the surface 


right the 
ә at the rigl 
seems rather flat. In the photograph one and the 
р “ы $ are lor , 
region is near the sunset line; the shadows are 


mountains are more conspicuous, 


"ties 
;rregulariti 
a few irregu м 
6-14. The Lunar Mountains. Tiens nee BUY A 6 »wn mountain 
А ; at 3 ur c > 
of the moon's surface that remind us at all A 4 which form on 
; P 5 ree ridge: / the 
"s '5t know 'se are the three ote eat 
Tanges. Best known of these a > the right eye t : 
curving western border of Mare Imbrium, bc the telescope 
“man in the moon" as we view the moon yes ese are the A pem 
teat Ge ле a 
and which Separate it from Mare Serenitatis. ag the few that ge 
nines, Caucasus, and Alps; their names are amor fur in which f } Я 
survived from Hevelius’ map of the moon a sE With a few 
lunar formations have the names of terrestria 


ames 
аг the ni 

: 4 з on bear r 
exceptions the prominent mountains on the mo n introduced by 
of scholars of former times, according to the syste ríe] mountains 
Riccioli in 1651. Examples аге the Leibnitz and Doe 


h as 
s ks rise as muc 
near the moon’s south Pole; some of their peaks rise 

26,000 feet above the plains, 


The mountains around у 
and more gradually 
remain of 


oward it 
all that 
1 sul 


lare Imbrium slope abruptly t 
Outward, It is as though the оса 

a nearly icireular rampart 700 miles across W 
rounded the great sea, 


were 


6-15, The Lunar € 


Taters h 
shelving on the 


often 
inside and 


s steep and 
ave nearly circular walls, stec} n out 


ai 
sloping more gradually to the pla 
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Ж... 
p 
[Copernicus ý 
ЖШ 


USE 
LARUM | 


Fig. 6.14, The Moon Shorty After the Bull = He sunset line is 
appearing at Ше left. The longest ray Set m e lates X the стагах 
Тус Б : i's south pole. Shorter ray systems surround Coperni- 
ycho near ү iai dis craters. (Yerkes Observatory photograph) 
cus and some 


iks surmount some of the walls, and peaks also ap- 


side. Lofty рег 
y] many craters. Some craters have floors 


Pear near the centers ol К : 
depressed several thousand fect below the plain. In others the floors 
are elevated: the inside ol ше crater. Wargentin is nearly as high 
as the top of the wall itself. Some craters have rough, bright floors; 
Aristarchus is the brightest of thae Others, such as Plato in the 
lunar Alpine region, are as dark inside as the seas. 

More than 30,000 craters are recognized. “They range in size 
from pits a few hundred feet across, which can be seen only with 
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Fic. 6-15. Lun; а i 
right of d Landscape at Last Quarter. The crater Tycho is at ae 
cr. The walled plain Clavius is near the top. (ые 
?bservatory photograph) 

large telescopes & 

а Scopes, to “walled i ; ig. 6.15) 
А а чын Plains,” as Clavius (Fig. 6 i 
about 150 miles in diameter, пе и (Fig 


or аг the moon’s south pole. 
Two versions of the origi E Е 
5 


а т 
ОГ the lunar craters and the othe 
tention, but without a firm decisio! 


ne opinion is that the moon's surface fea 
Cous origin, 


fc . ns 
ormations have long receiver 

as yet between them, 

tures 


lat 


аге mainly of ign Н 
g having been formed during the 
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cooling of the moon. The earliest and largest of the mountain 
rings provided the basins of the later lunar seas. As the moon’s 
crust thickened, conditions became favorable for the forming of 
the smaller rings of the craters. 

The second opinion is that the irregularities of the moon's sur- 
face were caused mainly by the fall of meteoritic masses. These 
blasted out the basins of the seas, scattering debris over the moon- 
scape and perhaps producing great lava pools as well by the heat 


of their impacts. 


6-16. Lunar Rays and Rills. The lunar rays are bright streaks 
often as wide as 5 or 10 miles and up to 1500 miles long, which 
radiate from points near a few of the craters and pass over moun- 
tain and plain alike without much regard for the topography. The 
longest and most conspicuous ray system radiates from the crater 
Tycho near the moon's south pole; it is a prominent feature of the 
full moon as viewed with any telescope. A system of shorter and 
more crooked rays is centered near the crater Copernicus. 

The lunar rills are clefts as wide as half a mile and of unknown 
depth. Some are irregular, whereas others run nearly straight for 
many miles. They are generally not conspicuous through small 
telescopes. The rills might seem to have been caused by the part- 


ing of the crust as it cooled. 


bsence of Atmosphere. We can readily see that the 
amount of atmosphere around it. There 
the sunrise and sunset lines form a 


6-17. The A 5 
moon has no perceptible 


; i ч ni 

is no twilight on the moo ; 

perfectly sharp division between day and night. The moon's disk 
à f 


is undimmed near the edge, where a greater thickness of atmosphere 
When the moon occults a star, there is no dim- 


would intervene. before its abr ; 
ming or reddening of the star belore its abrupt disappearance be- 


hind the moon. 1 the s i 

Two neighboring worlds share ne sunshine together. One, the 
tah, Кеа ао i and is the abode of life and activity. The 
ether, she moon, В airless and therefore lifeless. a dead world where 
practically nothing happens Why does the earth have an abun. 
dance of HN while the moon has none to epest- oi? ТР Hiltwerjs 
found in the feebler surface gravity of the moon. The moon's at- 
traction for objects near its surface is only one sixth the correspond- 


ing attraction of the earth; it is not eflective enough to hold an 


» moon. 
Atmosphere around the o 
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Fic. 6-17. Sunset on the Moon. The sunset line is moving toward the 
right. No twilight intervenes between day and night, as it does on the 
earth. (McMath-Hulbert Observatory photographs) 


6-18. The Escape of Atmospheres. The molecules of a gas dart 
about incessantly. Their speeds increase as the temperature is raised, 
and at the same temperature are greater for lighter gases than for 
heavier ones. The molecules of hydrogen, the lightest gas, ате 
moving as fast as a mile a second at the freezing temperature of 
water. The molecules of our air at ordinary room temperatures 
have speeds somewhat greater than half a mile a second. : | 

These are averages. At the same temperature and for a particula! 
kind of gas the speeds vary. Collisions between the molecules bring 
some of them momentarily almost to rest and propel others much 


ar highest 
faster than the average. Whether the molecules at their high 
ade г > i ш 
speeds can fly away into space depends on the strength of the 
straining pull of gravity. 


s ; К r anything 
The velocity of escape is the speed that a molecule o! anything 


else must attain to escape from a specified body. Ша ball is throw? 
upward, it is soon brought down by the earth's attraction. Given 
a greater initial speed, the ball goes higher and returns to the 
ground after a longer time. . 


*s ‚ epartedd 
With what speed must a ball be starte 


Fhis critical speed is the velocity d 
escape. Its value at the earth’s Surface is nearly 7 miles a seconds 


so that it will never return? 
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without allowance for air resistance. The molecules in our air do 
not ordinarily have speeds as great as this; hence, the earth has 
retained its atmosphere, except some of the very lightest gases. The 
velocity of escape at the moon’s surface, however, is only 114 miles 
а second. An atmosphere could not remain there for a long time. 


6-19. An Expedition to the Moon is considered by some people a 
possibility before the end of the century. Preliminary steps have 
been the launching of artificial carth-satellites (1-4), one of which 


Fic, 6-19, The Lunar Apennines. (Lick Observatory photograph) 


Crash-landed on the moon; the placing of other unmanned vehicles 
OSI TE Ced c 


in orbits around the su) and experiments to determine what might 
be the reactions of human beings to space travel, The next step 
Might be to assemble а space Station in revolution around the earth, 
from which an expedition could take off for the moon. 
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Conditions the voyagers would find on the moon are quite well 
known to us. Some of them would differ drastically enough from 
conditions at home to threaten the survival of the party. The 
glaring sunlight during the long day on the moon heats its surface 
to the ordinary boiling point of water, and inc ludes deadly ultra- 
violet rays. The temperature at nightfall drops abruptly, and at 
midnight is 500? F lower than at noon. The absence of air and 
water of course presents a difficult problem. The bare, lifeless land- 
scape is not inviting. The moon is a perfect and dangcrous desert. 


ECLIPSES OF THE MOON 


6-20. The Earth's Shadow. Like any other opaque object in the 
sunshine, the earth casts a shadow in the direction away from the 
sun. The umbra of the shadow is the part from which the sun- 


ows 9 


RAD 
Fic. 6-90. The Moon in the Earth's Shadow. 


light would be completely excluded il some light were not scattered 
а it by the earth’s atmosphere, Tie min is a long, thin cone 
reac hing an average of 859,000 miles into space before it tapers to 
à point, This darker part of the shadow is often meant when we 


speak of the shadow IS s hic 
yw. [tis surrounded by the penumbra, from which 


the direct sunlight is only partly excluded 


New that a large screen is held av Agit angles to the direction 
he shadow, and that it is moved out into space in that direction. 
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The umbra of the earth's shadow would fall on this screen as a 
dark circle growing smaller with increasing distance of the screen, 
until at the moon's distance the diameter of the shadow would be 
5700 miles, or nearly 3 times the moon's diameter of 2160 miles. 

Because the earth's shadow points away from the sun, it sweeps 
eastward around the ecliptic once in a year as the earth. revolves. 
At intervals of a synodic month, the faster-moving moon overtakes 
the shadow and sometimes passes through it. 


6-21. The Moon in the Earth's Shadow. Umbral eclipses occur 


when the moon passes through the umbra of the earth's shadow. 


The longest eclipses, 


when the moon goes centrally through the 


А Through the Umbra of the Earth's Shadow 

Fic, 6-9]. Path of the Moon Throug ias at the: Kara's Shadi 

A 2]. Path of r^ die Moon, November 18, 1956. Universal times 
uring the Eclipse 9 are given. 


y; this duration is counted [rom the first 


Shadow, Jast about 3° 4 3 
until the moon leaves the umbra com- 


ntact with the umbra 
Pletely, ‘Total eclipse c 1 


> 5 aces. ac 

Owed by partial phases. ea E | В ; 

ally the eclipse is not central (Fig. 6-21), so that its duration is 
> C 1р5 > 15 


Shorter Olten the moon passes so lar Irom the center of the shadow 
. er : Е 5 
that it is neve completely immersed in the umbra, and the eclipse 


is 
5 partial throughout. 


ast as long as 19 40%, preceded and fol- 
ch of about an hours duration. Usu- 
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Penumbral eclipses occur when the moon passes through the pe- 
numbra of the earth's shadow without entering the umbra. ‘The 
weakened light of the part ol the moon that is in the penumbra is 
visible to the сус when the least distance of the edge of the moon 
from the umbra does not exceed one third of the moon's diameter; 
it is detected in the photograph (Fig. 6-21.) when the least distance 


> D - = к. ар е arch 

Fic. 6-21A. The Moon in the Penumbra of the Earth's Shadow, ЙЕ 

23, 1951. The weakening of the light of the northern (lower) part of "s 

moon was not visible to the eve, (Photographed by Paul E. Roques 
Griffith Observatory) 


doe come . i T" 
oes not exceed two thirds of the moon's diameter and by phot 
metric me Г í 
| : AM hen the distance is still greater. 1 
A lunar ec > is visi : i i 
ко r eclipse is visible wherever the moon is above the horizot 
d uring 115 occurrence, th sap 


ing the regio EN í : ree 

is i Een that 5 rotated into view of the moon while the ec po 

: 5 е ы ist - 
going on. The ephemeris times of the circumstances of all umbra 


eclipses a x =: n : i 
= | s and of penumbral eclipses when they occur are published in 
advance in the American Epheme 
Ten u єн е " 
mbral lunar ecl * 
CHpses are ; NE arval 
9 ES. У sch ad in the interva 
1961 to 1968 inclusive as visi eduled i 


ble, a я ; sider 
Г I * at least vart, in a consider 
area of the United States апа Санаа іп | 

а. 


at is, over more than half the earth, 


ris, 
from 
able 


Eight of these are total. 
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UMBRAL Lunar ECLIPSES VISIBLE iN THE UNITED STATES AND CANADA 


Middle of Eclipse Duration df 
Universal Umbral 

Date Time Phase Totality 

Mar. 2 13 32 3 4 se 
е Aug. 26 3 8 5 18 0 14 
1963, Dec. 30 й 7 3 34 1 24 
1964, June 25 1 7 3 40 1 38 
1964, Dec. 19 2 35 3 o8 1 4 
1965, June 14 1 51 1 40 » 
1967, Apr. 24 12 7 3 34 i 392 
1967, Oct. 18 10 16 3 26 0 E 
1968, Apr. 13 4 "9 3 25 У 2 
1968, Oct. 6 11 41 з 28 


6-22, The Moon Is Visible in Total Eclipse. The first conspicuous 
"22. ле Л 5 VIS k п5ріс 

II f the lunar eclipse 1s seen soon after the moon enters the 
Ac the D + | 
мө 4 dark notch appears at the eastern edge of the moon anc 
A da i 


umbra. 


CUN Moon. M eO 5 - sedisse: 
Fic. 6-99. Partial Eclipse of m ооп. Progress of the umbral eclipse 
til it b ame nearly total. (Photographed by Albert W. Recht, Cham- 


until it bec berlin Observatory) 


slowly overspreads the disk. The shadow is so dark in comparison 
with the unshaded part (Fig. 6:22) that the moon might be expected 
al eclipse. As totality comes on, however, the 


to disappear in tot Е А 
ашу visible. 


: s pl 
moon usually becomes | 
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The moon in total eclipse is still illuminated. by sunlight which 
filters through the earth’s atmosphere around the base of the shadow. 
The light is diffused by the air into the shadow and onto the moon. 
It is redder than ordinary sunlight for the same reason that the 
sunset is red, so that the totally eclipsed moon has an unfamiliar 
hue. The brightness of the moon then depends on the transparency 
of the atmosphere around the base of the shadow. Enough light 
usually sifts through to show the surface features clearly. On rare 
occasions the moon becomes very dim. 


QUESTIONS ON CHAPTER 6 


nt value (а) if 
twice 


1. How would the moon's parallax compare with its pr ! oe 
the moon’s distance were twice as great? (b) if the "arth's radius were 
as great? н 

2. Describe the moon's orbit relative to the sun; relative to аң 

3. Where is the moon in the sky at sunset when its phase 1s new? It 
quarter? full? 

4. Explain why the cycle of the moon's phases is longer th 
of the moon's revolution around the carth. fc 

5. Show that the interval between upper transits of the moon 15 
50 minutes longer than the solar day. 

6. At what time of year does the full moon pass near 
middle northern latitudes? State its least possible distance fror 
zenith. 


to the earth. 


an the period 


about 


st the zenith 10 
m your 


7. Explain the causes of two librations of the moon. 
8. Name the terms which are defined as follows: 


(a) The moon's phase between first quarter and full. 
(b) The point of the moon's orbit which is nearest the earth. 

(c) The true period of the moon's revolution around the earth. 
(d) The interval between successive new moons. 


© ihe moon near its full which rises with the least delay 
nights. 


on successive 


9. Describe and 


л асе 
each of the following features of the lunar surfa 


state your idea of th igi ains; (0) m 
€ origin of each: (: seas; (b) mountains; 
Шу. gin of each: (a) the seas; (b) 
0. a a a 
е z eua Tocket succeeds in reaching the moon, what conditi 
Я нун D there different from those at home? 
i „ТУ Goes the moon remain visible in total eclipse? he 
2. When will the ne : 


: Xt umb: 
United States and Canada? 


occur where you are? 


3 > visi int 
ral eclipse of the moon be visible e 


At what time will the middle of the ecli 
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THE PATHS OF THE PLANETS 


MOTIONS OF THE PLANETS — THE LAW OF GRAVITATION 
— THE PLANETARY SYSTEM 


Seven bright celestial bodies move about among the "fixed stars" 
that form the constellations. ‘They are the sun, the moon. and the 
five planets—Mercury, Venus, Mars; Jupiter, and Saturn, which 
have the appearance of stars to the unaided eye. "These were the 
planeta, or “wanderers,” of the ancients. ‘These 7 bodies are among, 


our nearest neighbors in space. In the foreground of the start 
scene they are conspicuous in our skies. ‘Their brightness and the 
complex movements against the background of the stars have made 


them objects of special interest through the ages. 


MOTIONS OF THE PLANETS 


7:1. The Planets Move in Loops. Anyone who has viewed th 


spectacle of the heavens that is displayed in onc of the larg 


g back and forth in them 
сап be 


The 


planetariums knows how the planets swi 


courses among the stars. Celestial movements of a year 
represented in а short time in the sky of the planetarium. 
looped paths of the planets are shown very clearly there 
For the most part, the planets move tward through the СОВЕ 
stellations. ‘This is their direct motion; for it is in this direction 
that they revolve around the sun. At intervals, which are not the 
ше the different planets, they turn and move backward. 
toward. the. west they retrograde for a while before resuming the 
р phus 
stars: 


loops: 


FINE motion. They are said to be stationary at the turns- 
the planets seem to march and countermarch among the 
progressing toward the east around the heavens in series ol 
These apparent movements of the planets are readily observed 
in the sky itself. Watch the req Шш Mars from week to weeks 


example, о as soon as it rises at à convenient how of 
the evening. Notice s У Ў Жү 

OCC: I» and ma ж the planets Position among the stars on cach 
asion, à ark the place and date on a star map. ‘The line of 
112 
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dots will show presently, as it does in Fig. 7-1, that Mars steers a 


devious course. 


ARIES ° 

S " 
Alta 
ERI PEGASUS K 

* 
° 
as 1 
Nov. | AQUARIUS x 
Sept ! Aug | d 
July ! June | 
e 


Fomalhaut 


* 


ave Near the Favorable Opposition of 1956. 
Fic. 7-1. Path of Mars Near the Pl 
Planetary Motions. Just how do the 


7-9. The Problem of the Р roceed in | 2 о the 
he earth so as to proceed in loops among the 


it combinations of uniform circular motions 


slanets move around t 
constellations? By wh: 
centered in the earth can 
This was the problem the 
celestial 
the circle is an easy figure for calculations. 

The globe ol the earth was апана al the center of their 
universe. ‘The sphere of the eh eue daily around it. Within 
that sphere the 7 wanderers shared Gi ally turning, and also moved 
d the earth at various distances from it. 


their observed movements be represented? 
early scholars wished to solve. Intuitively 


соии S 1 PAE fase UE: 
tliey-agreed that motions ought to be uniform and in 


circles; then, too, 


сауат aroun 


7-3. The Geocentric System. The most enduring early plan for 
solving the problem ol the рза motions was developed by 
Ptolemy at Alexandria 1n the. 2nd century and is, accordingly, 
known as the Ptolemaic system. It was a plan of epicycles. In the 
simplest form of the system (Fig. 7-3) cach planet was supposed to 
move on the circumference ol a circle, the epicycle, while the center 
of that circle revolved around the earth on a second circle, the 
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deferent. By such combinations the attempt was made to represent 
the observed movements of the planets. “The Ptolemaic plan be- 
came more complex as time went оп. During many centuries that 
intervened between the decline of Greek culture and the revival of 
learning in Europe, Arabian astronomers undertook to. improve 
the system so that it would more nearly represent the planetary 
Movements. They tried to get a better fit by adding more epicycles 
and by other devices. Each planet was eventually provided with 


The Motion of a Planet in the Ptolemaic System™ 


It was then 


from 40 to 60 epicycles turning one upon another. 
‘ resent 


that King Alphonso of Castile remarked that had he been р 


г жен 3 е i The itis 
it the Creation he might have given excellent advice. POET 


of the central earth had begun to scem unreasonable. 
7:4. The Earth in 


— 
scholars there w | 


Motion. From the times of the carly € 
carth 15 


85 an undercurrent of opinion eds à 
anc 


The followers of Pythagoras, who taught tha 


earth is a globe, s ! 
s E » SUpposed that jy ; i istarcl on 
P nat о. Aristarchus 
in the 3rd century в.с. bsp ani s 


earth rotates daily on its em 
There were others who ¢ 
however, then scemed unl 
little attention. 

By the time that ‹ 
there was growing di 


not Stationary, 


nos, 


is said to have been convinced 
axis and revolves yearly around ШЕ m 
aught glimpses ol the truth, Such и, 
elievable to almost everyone and recci* jà 
“olumbus sailed west on his famous voyage 
satisfaction with the theory of the central, 
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rth. Before the companions of Magellan had returned 


stationary ei 
European scholar had 


from the first trip around the world, 
reached the conclusion anew that the earth is in motion. His 
iy it, was Nicholas Copernicus. His theory of the 


published in 1543. 


1 


name, as we 
moving carth v 
The Copernican system set the sun in the center instead. of the 


rth which now took its rightful place as one of the planets re- 
It retained the original idea that the 


volving around the sun. 
planets moved uniformly in circles, and accordingly remained a 
System of. epicycles. Copernicus could offer no convincing proof 


Of either the earth's revolution or daily rotation which he also 

advocated. 

7-5. Tycho’s Observations. Tycho Brahe greatly improved the 

instruments and methods of observing the positions of the celestial 

irly that an improvement in the theory of the 

A more reliable data on their ap- 
Born in 1546, the most fruitful 


bodies, He saw cle: j 
Motions of the planets required 

stars. 
his observatory on the formerly 
ist of Copenhagen. He died 


Parent movements among the E 
years of his life were spent 1" hi 
Danish island of Hven, 20 miles norte: 


in р; Р " 
арис in 1601. anne. "Phelhpigbser i 

It Nie bet the invention of the telescope. Tycho's chief in- 

as before 

Sruments were large qu 
With these, he and his assist! 
night and determined their right 
ч degree of accuracy never before : 


lion sw a fortunate cl 
t ‘ anet Mars, а А s s 
as © the planet M s of some of the other bright 


idrants and. sextants having plain sights. 
ants observed the planets night after 
ascensions and declinations with 
He gave special atten- 


tained. 
voice because its orbit is not 


> rbit 
Nearly circular as are the orbi 

Planets. 
7.6 + Ellipses Around the Sun. John Kepler 
6. The Planets Move in Elli "m | | 
апе ears in Prague. He inherited the 


Was in his last У 


х of the planets. which his master had kept 
man Kepler studied the records patiently in the hope 

any years. K Өр . 
xa i] motions ol the planets. In 1609 he an- 


of Я 
determini ` acuti 

mining the at Ў E d 4 
8 conclusions, and in 1618 he discovered the 


rd, "They are known 10 us as Kepler's laws: 
i ?y аг : А 
Б йг pl is move around the sun in ellipses having the sun 
^ planets 

at z cms 
» Une of the foci. ГІ el 
nd their orbits are not circles. 

2. Each planet revolves in such a way that the line joining it to 


Vycho's assistant 


Тес. " us 
"cords of the position 
Or 


Ne 
псе two important 


nus the planets do not go around the carth, 
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the sun sweeps over equal areas in equal intervals of time. ‘The 
nearer the planet comes to the sun, the faster it moves, as We have 
already noticed (1:5) in the case of the earth. 

3. The squares о] the periods of revolution of any two planets 
are in the same ratio as the cubes of their mean distances from the 
sun. This useful relation is called the harmonic law. 


Here ended the attempts to represent the movements of the 
planets by uniform circular motions centered in the earth. “There 
was still no evidence, however, that the earth itsell revolves around 
the sun. 


THE LAW OF GRAVITATION 


> Р ? ы sie: г the 
While Kepler was deriving his laws which describe how 


planets go around the sun, his contemporary, Galilco Galilei | 
Italy, was laying the foundations of mechanics. He questioned E 
traditional ideas about the motions of things and set out to derer 
mine for himself how they really move. It remained for er 
Newton in England to formulate clearly the new laws of motior 
and to show that they apply not merely to objects immediat 


; ; х “rhe principal feature 
around us but to the celestial bodies as well. “The principal hich 
wh 


ely 


of the new mechanics was the concept of an attractive force 
operates under the same rules everywhere in the universe. 


7:7. Force Equals Mass Times Acceleration. Before the RS x 
Galileo, ап undisturbed body was supposed to remain at d 
Hence, it seemed appropriate that the earth should be qu 
Anyone who asserted that the earth is moving might well be 25 : 
to explain by what process it is kept in motion. 
Galileo's experiments led him to the new idea that à 
manon in a straight line is the natural state. An object wi is 
on forever in the same direction with the same speed unless 1 i 
disturbed. appen 
to be zero. 


uniform 
go 


Rest is the special сазе where the initial speed " nis 
Uniforn ; E M ; refore, dema 
1 Р хе ` erefore, Я 
motion in à straight line, th 


"— Р . “her in 
a explananon, It is only when the motion is changing cithe? n 
direction or in speed that We say the! 


an accounting 15 required. Хе 
а а “Ce is acti > N rce 
that a force is acting on the body, and. inquire where the for 
originates. ye 
T" 
on the bod) 


The strength of the force is m Н 
1t5 


ich i asured by its eflect 
€ V Р s \ : E í 
on which it acts; it equals the mass of the body multiplied by 


се or the rate of change of its velocity (directed spec) 
EC 5 i Г [ " ET + " ес 
he acceleration may appear as increasing ОГ diminishing рее 
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or changing direction, or both. A stone falling vertically faster and 
faster is accelerated. An object moving in a circle with constant 


speed is accelerated. In both cases a force is acting. 


7:8. The Laws of Motion were formulated by Newton in his 
Principia (1687) substantially as follows: 

1. Every body persists in ils state of rest or of uniform motion 
та straight line unless it is compelled to change that state by a 
force impressed upon it. Where a force is applied: 

9. The acceleration is directly proportional to the force and 
inversely to the mass of the body, and it takes place in the direction 
of the straight line in which the force acts. 

8. To biter action there is always an equal and contrary reac- 
lion, ; 

‘The second law defines force in the usual way. The first law 
is no acceleration where no force is acting: the 
remains unchanged. The third law asserts 
vo bodies is the same in the two directions. 
force on the ball than the ball exerts on 
1 experiences a greater acceleration than 


States that there 
motion of the body 
that the force between tv 
«erts no greater 


A bat e 


the bat; but the lighter bal 1 

the heavier bat and batter combined. | j 

Armed with these laws of motion, p succeeded in reducing 

Kepler's three laws of the planetary movements to a single uni- 

versal law. It is said th de 

Sat in his garden started. the great rii | 
! Does the attractive force that brings down the apple 


volution around the earth? Does a sim- 


it the fall of an apple one day as Newton 
ian to thinking of 


this problem. 
also control the moon's re 


ilar [ lirected toward the sun cause the planets to revolve 
i oree с = á 


around it? 


id rae anol Gravitation. A force is continuously acting on 
their courses around the sun are always curv- 
ing. |t is an attractive force directed. toward the sun: this fact 
5: Е : 178 law of equal areas. : les 
can be deduced from Kepler's i 1 al arcas, although we shall 
not stop to do so. From further studies ol Kepler's laws, Newton 
discovered the law of the sun 5 attraction. He found that the force 
between the sun and a planet i5 proportional directly to the product 
and inversely as the square of the distance between 


the planets, because 


Of their masses, 


their centers. 1 
Newton next calculated the law of the earth's attraction. An 


apple falls 16 feet in the first second. The moon, averaging 60 
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times as far from the earth’s center, is drawn in from a straight- 
line course La, inch in a second, which is about 16 feet divided 
by the square of 60. Using more 


that the force of the earth's attraction for objects around it is 


гас values than these, he showed 


inversely proportional to the squares of their distances from its 
center, Although his studies could not extend beyond the planc- 
tary system, Newton concluded that he had discovered a universal 
law and so announced it in his law of gravitation: 

Every particle of matter in the universe attracts every other par- 
ticle with a force that varies directly as the product of their masses 
and inversely as the square of the distance between them. 


7-10. How the Planets Revolve. Consider the earth as an example. 
By Newton's law there is an attractive force between the earth and 
Started from rest 
ү eventually come together. The earth is moving, how- 
ever, nearly at right angles to the sun's direction at the rate of 


the sun, which is the same in the two directions. 


1815 miles a second, and in one second it is attracted less than ап 
eighth of an inch toward It is this deviation from 3 
second 
th 


the sun. 
straight line course second alter 
through the year that causes the ear 
to revolve around the sun. 

Properly speaking, the earth and sun 
mutually revolve around a point be- 
| ‘The ancient prob- 


tween their centers. 
or the carth 


lem of whether the sun 


st кее =. ү 
O revolves was not well stated. Both re 

yere 
Fic. 7-10 volve. If the earth and sun we 
AE Ыы qui assive . oint arount 
tion Explained equally massive, the pon 


by the I 
At the Position 
arth, if undisturbed 
would continue on to A, t А 
the first law of motion, 

arrives at E! instead, 
been attracted in the mean. 
ume toward the sun the 

distance EB. 


of Motion. 
E the e 


by 
It 
having 


sun, although not precisely 


motion explains their 


Into space. 


б continu 
uon causes them to revolve 


be hall- 
Because 
as 


which they wheel yearly would 
way between their centers. à 
the sun is a third of a million times 25 
massive as the earth, this center of pet 
is only 280 miles from the sun's center: 
and it is not far [rom the center for all 
the other. planets. 

Thus the planets revolve arounc 


> 5 bi ; of 
around its The first law 0 
avita- 


і the 


center. 
ed Progress, and the force of gra 


ar ; i away 
around the sun instead ol going а“? 
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7-11. The Orbits of the Planets relative to the sun are ellipses 
having the sun’s center at one of the foci. These relative orbits 
are the ones we employ for the planets generally, and similarly for 
the satellites revolving around their planets. They are the same 
in form as the actual orbits and differ 
from them only slightly in size. 


Newton showed from his law of 
the orbits of revolving 


Hg 


itation that 
bodies in general may be any one ol 
the three conics. These are the ellipse, 
parabola, and hyperbola. The cllipse 
includes the circle, where the eccentric- 
ity is zero. The parabola, eccentricity 
i is open at one end, and the hyper- 
bola is wider open. Evidently the 


permanent members of the sun’s family 


have closed, ellipti its БЫ 
If the earth, now revolving їп nearly 


( iles a sec- 
a circle at the rate of 18% miles а 5 


4 its. orbit 
ond, could be speeded up. 15 = ^ 
would become larger and more eccen- Fig, 7-11. Different Shapes 


tric. At the speed of 926 miles a second of Orbits. 


i ^C a parabola, 
> or ‘ould become a | 
үле ut from the sun, This is the velocity of 


| orbits. 


and the earth would dep: jus distance 
escape from the sun at the earth's i 1 


Wilation views 


of the Planets. The law of g 


as a scheme of masses and distances, It is, 


7:12. The Mass 
the physical universe 


iderable 
therelore, of. consid: AE Neg de 
& "he masses of some planets, that is, the quantities of 


сап be found by Kepler's harmonic law 


interest to inquire how the masses are 


Measured. 
material they 
(7-6) as Newto 
The squares oft 
celestial bodies. each 
аге in the same propor! 


separate the pairs. E я | 
| that we wish to find the mass of the planet Saturn, We 


taking Saturn and one of its satellites as one 


contain, | 
n restated it more prec iscly: 
lig perina of any two pairs ol mutually revolving 
» multiplied by the combined mass of the pair, 


ion as the cubes of the mean distances that 


Suppose 


write this proportion, : i : 
pair and the earth and sun as the second pair. Let the unit of mass 
d des Я ass of the c; ; ains a RN 
le tle combined 10355 * earth and sun, the unit of distance 


the mean distance between the carth and sun, and the unit of time 
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the period of the earth’s revolution around the sun. The relation 
becomes simply: The mass of Saturn and its satellite, which may 
be neglected, equals the cube of the mean distance of the satellite 
from Saturn divided by the square of its period of revolution around 
Saturn, | | 
The masses of planets having satellites have been found in this 
way. It is more difficult to weigh planets, such as Mercury, Venus, 
and Pluto, which have no satellites; their masses are determined by 
their disturbing effects on the motions of neighboring bodies. 


7:13. Courses and Forces. Early astronomers tried to represent 
the planetary movements by combinations of circular — 
centered in the earth. Copernicus set the sun in the center pen 
of the earth. Kepler discovered that the planets revolve around ; с 
sun in ellipses instead of circles апа epicycles. So far the interes 
was confined to the courses themselves. x " 
Newton's law of gravitation directed the attention to word 
forces controlling the courses of the planets. ‘This law has pans 
possible the present accurate predictions of the planetary ui 
ments. It has promoted the discoveries of celestial bodies рше It 
unknown, from their effects on the motions of known bodies. 
applies equally well to mutually revolving stars. : 
For most purposes astronomers make their calculation "wer 
basis of the law of gravitation. It is only rarely that the von 
theory of relativity predicts celestial events with appreciably pren n 
accuracy. The advance of Mercury's perihelion around the su : 
ас a faster rate than is predicted. by the law of gravitation: фе 
well-known example, The apparent displacements of stars ther 
from the sun's place in the sky at total eclipses of the sun is апо! м 
example of the occasional in represen 
ing what goes on. 


s on the 


is 
ly greater merit of relativity 


THE PLANETARY SYSTEM 


ani А ле 
Тһе meaning of the word planet as а body revolving around th 


sun began with the acceptance of the Copernican system which 
added the earth to the list from the 


original list, and reduced tl P satellite 
of the earth. 

The known membershj 
greatly since Copernicus’ 


of planets, subtracted the sun 

1€ moon to its proper place as 
: »ased 

p of the planetary system has increas 

i А 1 

time. Knowledge of satellites attending 
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other planets began with Galileo’s discovery, in 1610, of the four 
bright satellites of Jupiter. The planet Uranus, barely visible to 
the naked eye, was discovered in 1781. Neptune, which is always 
too faint to be seen without the telescope, was found in 1846. The 
discovery of the still fainter and more remote Pluto in 1930 com- 
pleted the list of the 9 known principal planets. Ceres, the largest 
of the asteroids, or minor planets, was the first of these to be dis- 
covered, in 1801. 

The earth is one of the principal planets. The moon is one of 
31 satellites which accompany 6 of these planets. Thousands ol 
asteroids and great numbers of comets and meteor swarms are also 
members of this large family which, including the sun itself, is 


known as the solar system. 
7:14. The Planets Named and Classified. The names of the 


planets in order of mean distance from the sun are: 


Mercury ] 
Inferior planets s ре” 
Earth 
Mars 
The Asteroids or Minor planets 


Jupiter | 


Inner planets 


Saturn 
Superior planets) Uranus | Outer planets 

Neptune 

| Pluto 


ed as inferior and superior planets, and also as 
inner and outer planets. The inferior peuem are ncarer the sun 
than the earth's distance, and the superior planets revolve outside 
The inner planets revolve inside the main zone 
whereas the outer planets have their orbits out- 


They are classifi 


the earth's orbit. 
of the asteroids, 
side this zone. 
limes known à 


The 4 inner planets and Pluto as well are some- 
s the terrestrial planets, because they are small as 


; nets: ite S 3 
compared with the giant. pla Jupiter, Saturn, Uranus, and 


Neptune. 


Not all the asteroids we 
invade the regions of the principal planets. A part of the orbit 


пакт is nearer the s is Ne a's orbi 
of Pluto (Fig. 7-91) is n € sun than is Neptune's orbit, 


s are confined to the main zone; some of them 


7:15. Aspects and Phases of Inferior Planets, The elongation of 
a planet at a particular UME 15 its angular distance from the sun. 
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Certain positions of the planet relative to the хип place in the 
sky have distinctive names and are known as the aspects of the 
planct. The planet is in conjunction with the sun when the two 
bodies have the same celestial longitude, so that the planet's clonga- 
tion is not far from 0°. It is in quadrature when the clongation is 


SUPERIOR 
CONJUNCTION 


QUARTER REATEST 
GAEATEST до 
s Ф) И ELONGATION 
E.£LONGATION D, Y 


CRESCENT 


ne ДРИ В T^ ions are 
Fic. 7.15. Aspects and Phases of an Inferior Planet. The elongate 


limited: the phases are like those of the moon. 


90°, and is in opposition when its celestial longitude dillers by 

from the sun’s, so that its clongation is near 180. licted 
B : j | | 
The times of the 


aspects of the principal planets are prec ue 
American Ephemeris and Nautical Almanac, For the p c 
junctions of the planets with one another and with the йө | : 
times predicted there are approximately when the two bodies hi 
the same right ascension, | pi 
The interior planets, Mercury and. Venus, have limited elong! 


" : © бип 
tons; they appear to us to oscillate to the east and west of the 
place. 


in The 


s k В е Š эу move 
From superior conjunction, beyond the sun, the 


Sik E «wd 28^ [rom 
LO greatest eastern elongation, which does not exceed = d 
е СЕЧЕ 
the sun for Mercury and 18 for Venus. Here they turn west i 
бейи. E 5 yo 
relative to the sun, pass between the sun and the earth at (nf 


5 and 
conjunction, then move out to greatest western elongation, 2 
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fing "etur гаг ' сах i ig. 7 
Pis ally кат toward the cast behind the sun. As Fig. 7-15 shows, 
зе inferior planets go through the complete cycle of phases, just 
as the moon does. Their phases are nearly full at superior con- 
junction, quarter in the average at the greatest clongations, and 
© шы. 


nearly new at inferior conjunction, 


7-16. Aspects and Phases of Superior Planets. The superior plan- 
сїз, such as Mars and Jupiter, revolve around the sun in periods 
longer than a year. ‘They accordingly move eastward through the 


e lations re slowly thar 

nstellations more slowly li 1 — 
the sun appears to do. With 
respect to the sun's place in 


the sky, they scem to move west- 


ward. (clockwise in Vig. 7:10), 
and attain all values of опе 


Р ы ` ] o 
tion in that direction [rom 0 


to 180°, At conjunction they 


Pass behind the sun to subse- 


quently appear in the east be- 
At western quad- 


fore sunrise. 
near the celes- 


rature they are 
tial meridian at sunrise. M 
opposition they rise 
time of sunset, and at 


around the 
eastern 
the 


OPPOSITION 


Fic. 7-16. Aspects and Phases of a 


quadra d wy are near : А н 
: : «ture thes Superior Planet. The aspects are 
leridian at sunset | дё similar to those of the moon. The 
" ss жт we alsa 5 ў 
From Fig. 7:16 we à so only phases are full and gibbous. 


planets show 


[ull phase at 
conspicuous gibbous, because it is the 


that the superior 
the full or nearly 


ns quadrature appears 
anets to the earth, so that its hemispheres turned 


| earth are considerably. diflerent 


all times to the carth. Mars near 


Nearest of these p! 
toward the sun ant 


7-17. The Places of the Planets among the stars do not appear in 
the star maps, ol course, бейгир they are continually changing. 
Their right ascensions and declinations for a particular date can be 
found in an almanac and can then be marked in the maps. The 


Positions of Jupiter 
в Table 


iches to the earth, from the latest to the next 


and Saturn when thev are opposite the sun’s 


Place are given in : Lo The dates ol oppositions of Mars and 


ОГ its nearest appro: 
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Taste 7-1 Opposrrions OF JUPITER AND SATURN 
| Saturn 
Jupiter | n | 
| T | RA Decl. 
T Decl. JT „АМ. 
UT К.А. 


: өл 
d һ | 19^ osm | —22*. 
‹ || 17^ 55" | —23°,7 uly 7! 6 Bc 

1960 | June 201 2! | 17^ 55 |J qM m m : 
1961 | July 25 10 | 20 18 | -20 1 | July ЖЕДЕ 
1962 | Aug. 31 15 |22 39 | — 9 2| July 31. ! „Ж ee 
1963 Qt. 8 11 0. 58 + 4.5 | Аш E E. 35 17 19 3 
| Nov. 9 3 16 +17 .0 | Aug. 24 2 4 күү 

iiid | De 8 9 | 5 43 | +23 1 || Sept. 6 15 |23 0 
ес. 


=н 
i :onjunction 
эг ‘The dates ol conj 
favorable Opposition, are in Table 8- II. | 1 - om 
Ӯ Й sarei able 8- I. 
and greatest clongations of Venus are in Tab 


consider again the loops 
7:18. Retrograde Motions of the Planets. а ai the 
in the planets. movements among thc монь АЫ менбе of the 
carly astronomers and promoted thc ton se Sed: their motions 
Ptolemaic system. At intervals the planets ved the west, for 
toward the east, and retrograde, or move back tow a are observing 
a while. The retrograde motions occur Балин ipo the others. 
from a planet that is revolving at a different ei the time of its 
A superior planet, such as Mars, retrogrades ne: aves 
Opposition; for the f 
it behind, On the с 
near 


-— le 
aster-moving earth then aude nn 
other hand, Mars has its fastest c m and its 
its conjunction with the sun, where its own к" inferior 
displacement by ours al, a planet 
planets retrogr, 
retrogrades wh 


are in the same direction. 
н і ner 

ade near inferior conjunction. In ge 

€n it is nearest the earth. 

7-19. The Distance 

Table 7:1, 


{уеп in 
es of the Planets from the sun are B heit 
where other information about the planets ап bw 
orbits appears as well, the 41814 ГО 
vary because the orbits ar * 
find the greatest те 
mean 


of 


These are mean distances; а, 
* ellipses with the sun at one yr i 
amount that a Planet's distance departs fre - 
; multiply the mean distance by the fraction eet 
eccentricity of the Planet's orbit, Thus the mean dista! 
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Mercury from the sun is 36 million miles, and the eccentricity of its 
orbit is 0.206: the greatest variation from the mean is therefore 


714 million miles. Mercury is 2814 million miles from the sun at 


perihelion and 4314 million miles at aphelion. 

A relation known as Bode's law is an easy way to remember the 
relative distances from the sun of all except the most remote planets, 
Write in a line the numbers: 0, 3, 6, 12, and so on, doubling the 
number cach time to obtain the next one, Add 4 to each number, 
and divide the sums by 10. The resulting series of numbers: 0.4, 
0.7, 1.0, 1.6, 28... represents the mean distances of the planets 
expressed in astronomical units. The astronomical unit is the 
carth’s mean distance from the sun. 

Compare the distances found by this rule with the actual mean 
distances in astronomical units given in Table 7:1. The agreement 
is quite close except for Neptune and Pluto, although it would be 
less impressive for Mercury if the rule of doubling the number had 
been followed from the start. 


7-20. The Scale of the Solar System. When the distance of one 
той " is given, the distances of the others can be 
T 


^lanet from the sun 4 : : : 2 
: periods of revolution by Kepler's harmonic 


calculated from their ; 
law (7 6). The earth's mean distance from the sun is taken as the 
aw (7*6). i ы 


yardstick which sets the scale for the Фатеев of planets from the 
sun, of satellites from their planets (Table ТТЫ), апа of the stars 
as well. This is the reason for calling uf Bie i" ides unit and 
for wishing to determine its value as Har ater oi possible. 

We have seen (6:9) that the moon s c шип is found by observ- 
ing its parallax from two Инша» ӨН Ше elias The distance of 
the sun is measured less reliably in this way, because its parallax 
is much smaller, and also —_ € Stars are less available as 
reference points in the daytime. More dependable values of the 


astronomical unit have been derived by observing the larger paral- 
laxes of the nearer planets, particularly of the asteroid Eros at its 
closest approaches to the mnes. T А 

The value of the solar parallax adopted in the astronomical 
almanacs by international agreement is 87.80); this is the difference 
in the direction of the sun's center as it would be viewed from the 
Center and equator of the ка, when the sun is on the horizon and 
at its average distance from to The corresponding mean distance 
ОГ the earth from the sun 5 92.900.000 miles. 
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Taste 7-10 Tue Praners 
| Mean Distance Period of | 
from Sun Revolution | Incli- 
Name Syme | — - M | tricity | nation 
bol | of to 
| Astron, Million ši Syn- Orbit Ecliptic 
| Units Miles |" ral aiig | 
| 
| Mercury y 0.3871 35.9 Ea ы 
| M y NS 35.96 7 115.88 | 0.206 7? 0 
Inner Venus ; 0.7233 67.20 224.7001 583.92 | 0.007 | 3 24 
| Earth 1.0000 | 92.90 305.250 ss. [007| 0 0 
Mars 1.5237 141.6 | 686.980 | 779.94 | 0.093 | 51 
d nnd ы | 
| | am (| 
years 
К | Ceres | ox 2.7673 | 257.1 4.604 | 466.60 | 0.077 | 10 37 
Jupiter a 5.2028 | 483.3 11.802 | 398.88 | (048 — 1 18 
ае E : 9.5388 ' 880.2 29.458 | 378.09 | 0:056 | 2 29 
| капыя 6 | 19.1820 1783 84.013 | 369.66 | 0.047 0 40 
| Neptune | V. | 30.0577 | 2794 164.794 | 367.49 0.009 | 1 46 
Pluto P| 39.5177 | 3670 248.430 | 300.74 0.249 | 17 9 
ж} | 
| 
ч Stellar 
8 Poo Density | Period pori Ob- Magni- 
ip ian Water of Кы late- tude at 
| in Miles = j Rotation Канн | ness Greatest 
to Orbit | Brilliancy 
a ыы. | ЫЗ 
Sun © | | 
Moon € к. 331,950 | 1.41 | 24465 | 7510 | o | 20:8 
— 1.2799] St | 3.85 | 33,33 | бй g | v4 
2,900 $6 
то | 095 | ет [ss 7 0 =] ji 
7,913 1.00 IE =) d z n 
Dd 4,200 | 0.11 pa 23h 50" | 23 27 | 1/296 re 
motte ee ја иез 2 
J 6,800 318, 3 = 
св 71,500 | Hee age 9 50 3 7 |1/15 -2.5 
ranus | 29.400 | 14.5 beg |!0 02 [26 45 | 1 9.5 n 
Neptune | 28,000 | 17.9 on 10 45 | 98 114 +5 
Е ^99 | 15 4g |29 1 40 abate? 
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Taste 7-III — Tue SATELLITES 


| иг 
Mean : Diam- | Magni- 
Name Discovery Distance pas of eter in tude 
in Miles | Revolution | Miles | at Mean 
Opposi- 
tion 
Moon 27% 7h 43m | 2160 | —12 
SATELL ARS 
Phobos | Hall, 1877 5,800) 0 7 39 10Р | +12 
mbo бү 177 14,600 | 1 6 18 5? 13 
SATELLITES OF JUPITER 
m Barnard, 1892| 113,000 | о 11 53 13 
im Galileo, 1610| 262,000] 1 18 28 5 
П Europa | Galileo. 1610] 417000] 3 13 14 6 
ПІ Ganymede | Galileo. 1610 666 .000 T 2:799 5 
IV Callisto | Galileo, 1610| 1,170,000 | 16 16 32 © 
s Perrine, 1904| 7,120,000 | 250 14 14 
У venth Perrine. 1905 7,290,000 | 259 14 17 
ү! ү Nicholson, 1938 | 7,300,000 on m 18 
Twelfth | Nicholson. 1951 | 13,000 000 | 027 19 
Eleventh | Nicholson, 1938 14000000 | 739 18 
Eighth Melotte. Doe 5 
Ninth Nicholson, 1914 | 14,700,000 | 758 19 
OECD E ME SATELLITES OF SATURN 
E 1789 115,000 | 0 22 37 300? 12 
1789 148,000 | 1 8 53 350 12 
! 1684 183,000 | 1 21 18 500 11 
isthys 1684 234.000 2 17 41 500 1 
Dione ` 1672 327.000 | 4 12 25 | 1000 10 
Ded Meets 1655 759 .000 ds 22 41 | 2850 8 
ive Bond. 1808), 220000) 21 gan 300? 13 
ee i. 1671 2,210,000 79 7 56 800 11 
D 1808) 8:08:00 | о mej ОН 
ELLITES OF Uranvs, 
mu MEM Mis m — —— 
е ирег. 1948 | 81,000 | 1 9 5 
Miranda Kuiper. 26 zna 17 
анаа Т 1851 115 900 | 2 12 29 600? 15 
Umbriel | Lassell, 1851 188400017 4: 3 28 400? 15 
Titania Herschel, 1787 312-000 | в 16 56 | 1000? 12 
Oberon | Herschel, 1787 364.000 | 13 11 7 | 900? 14 
—ÀÀ ger cc vil — = - 
_—— SATELLITES OF NEPTUNE | 
= ea айбык. - —— = e 
r “ 1846 220,000 5. 2 
Triton Lassell, 3 „5 21 3 2350 1 
Nereid Kuiper, 1949 | 3,440,000 | 359 10 200? i5 
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7-21. The Revolutions of the Planets around the sun and of the 
satellites around their planets exhibit some striking regularities, 
which apply morc generally to the larger ones. These and the 


oaBIT OF. Рут, 


аА: 
2 =ч. 
P d NS 
^ 
g^ ii 
F N 
Z САВТ OF МЕРТ. R 
/ 
/ 
/ 
/ 
/ 
1 
(| 
1 
I 
1 
I 
1 
\ 
\ 
\ 
\ 
\ 
x 
N 
: Pluto ot 
х \ Perihelion, 
E : 1989 
Pluto ct 
Ascending node; 
1930 


Astronomical Units 


FR are in 
: " : са! Planets hey are 
Fic. 7-21. Approximate Orbits of the Principal piamen, | je plane 
general nearly circles around the sun, and are nearly in ер ee broken 
The part of Pluto's orbit south of the ecliptic is indicated by 


line. 


TET, А " « provide impor 
exceptions in the cases of the less massive members provide in] 


tant clues concerning the origin of the solar system. [all 
1. All the planets rei This includes 4 


f solve from west to east. 
the asteroids. 


Most satellites have direct revolutions, and this Б 
also the favored direction of all rotations in the system. 

2. The orbits of the planets and satellites ате nearly circ й 
à general thing. The orbits of the smallest principal piro. 
Mercury and Pluto, аге considerably eccentric. Among oda 
smaller asteroids some orbits are eve ? 


3. The orbits of most planets and 
plane. 


les, aS 


n more eccentric. 

i satellites lie nearly in the sa? : 
ү With the exception of Pluto's orbit, the orbits of the prin 
dpal planets are inclined Jess than 8° pois so that 
these planets are observed 


same 


to the ecliptic plane. T 
ipii s 
always near the ecliptic, and mo 


QUESTIONS ON CHAPTER 7 129 


within the boundaries of the zodiac. These three regularities do 
not apply to many comets and meteor swarms, especially to those 
having the longer periods of revolution. 

The true periods of revolution of the planets, ог their sidereal 
periods, increase with distance from the sun in accordance with 
Kepler's harmonic law, from 88 days for Mercury to nearly 250 
years for Pluto. The synodic periods are also given in Table 7.11. 
intervals between two successive conjunctions of the 
sun, as scen from the earth: for the inferior planets 
must both be either inferior or superior. In 
other words, the synodic period is the interval in which the faster- 
moving inferior planet gains a lap on the earth, or in which the 
ap on the slower superior planet. Mars and Venus 


They are the 
planet with the 
the conjunctions 


earth gains а 1 
have the longest svnodic periods because they are nearest the earth 
and run it the closest race around the sun, 


QUESTIONS ON CHAPTER 7 


Copernican system of the planetary motions 
from the present view? 

wound the sun in the period of 8 
that its distance from the sun is 4 


1. In what respects did the j 
differ from the Ptolemaic system? 
that a planet revolves 
's third law 


2. Suppose 
years. Show by Kepler 
times the earth’s distance. : 

3. Explain that an object movil 


continuously accelerated. Й А , 
4. State the law ol gravitation. How is the force between two bodies 


affected: (a) if the original distance between them is doubled? (b) if the 
dist n is unaltered but the mass of one body is doubled? 


plain the revolut 
first law of motion and the 

6. Show that the mass of a 
has a satellite. 

7. Name: (a) ап in 
planet; (d) an outer planet; (е) а mine б 

8. State the еалт average distance from the sun. Why is it called the 
astronomical unit? | Е 

9. Why cannot the sun's distance from us be dependably measured by 
à allax from two stations on the earth, as the moon's dis- 


ng in a circle with constant speed is 


ion of a planet around the sun, employing the 
law of gravitation. 
planet is readily determined if the planet 


ferior planet: (b) а superior planet; (c) ап inner 
e) a minor planet. 


Observing its par 
tance is determined? 
10. Associate the 

tions: 


appropriate term with each of the following defini- 


r distance of а planet trom the sun. 


(a) The angula z 
an inferior planet when it is between the sun and 


(b) The aspect of 
the earth. 
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(c) The aspect of a superior planet when it is opposite the sun's place 
in the sky. 

(d) The motion of a planet from east to west among the stars. 

(е) The interval of time between two successive conjunctions of a planet 
with a star as seen from the sun. 


11. Why does Mars near its quadrature show the gibbous phase more 
noticeably than do the other superior planets? 

12. Venus and Mars have the longest synodic periods (Table 7-11) of 
the principal planets. Explain. 
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8 
PLANETS AND THEIR SATELLITES 


MERCURY AND VENUS — MARS, THE RED PLANET — THE 
ASTEROIDS — JUPITER, THE GIANT PLANET- SATURN, 
THE RINGED PLANET — URANUS AND NEPTUNE — PLUTO, 
THE MOST REMOTE PLANET 


MERCURY AND VENUS 


These two planets revolve inside. the earth’s orbit, Mercury once 
in 88 days, Venus in 225 days. They accordingly oscillate to the 
cast and west of the sun’s place in the sky and are never very far 
from it. At times they come out in the west at nightfall as evening 
stars: at other times they rise before the sun as morning stars. Both 
m with the telescope, show the whole cycle 


planets, as we view (һе Жы 
s the moon does. Neither planet has a 


of phases (7-15) just a 
satellite. 

Mercury is the nc 
planets. Its diameter, 


as the moon’s diameter. 
al bodies exceP on. 
ly less than the earth's diameter. Our 


he principal planets, it comes within an 
he earth. 


arest to the sun and the smallest of the principal 
9900 miles, is less than half again as great 
venus, the brightest planet, outshines 
EID TR Жа t the sun and moon. Its diameter, 
* e celes 

7600 miles, is only slight 
Nearest neighbor among t 
average of 26 million miles oft 
and Morning Star. The terms “evening 


8-1. Mercury as Evening ; 
star" and "morning star" аге applied more often to the appearances 
of the inferior planets in the выше sunset and in the east before 
sunrise, They af employed for the superior planets as well, to 
signify that they set soon aeos rise not long before the sun. 
Мене Re occasionally visible to the naked eye for a few days 
near thé times of its greatest clongations. It then appears in the 
twilight near the horizon as a bright star, sometimes even a little 
brighter than Sirius, 
disk and low altitude- 


and twinkling like a star because of its small 
The clongations occur about 22 days before 
131 
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zm EU MR Uc A Я Р 
id after inferior conjunction. Because the svnodic period is only 
B 


116 days, several greatest elongations occur in the course of a ye 


the 


€, however, not equally favorable. 


ЇМегсирйе aft; келе А ; 
ercury's altitude above the horizon at sunset and sunrise varies 


considerably on these occasions, in our latitudes. The altitude is 
2 AS dd the planet is therefore most easily. visible, when the 
ecliptic is most inclined to the horizon (3-7). On this account the 
по favorable times to sce Mercury as evening star are at its great- 
est eastern clongations in the carly spring. cid as morning E at 
d greatest western clongations in the carly autumn. Such occa- 
sons arg especially favorable when the planet is then near its great- 
eet distance from the sun. In its rather eccentric orbit Mercury's 
distance from the sun's place in the sky at its greatest clongations 
Varies from 28° at its aphclion to as little as 18° at its perihelion. 


o RN Evening and Morning Star. Venus emerges slowly 
tae ы | ә Iur conjunction, behind the sun, to appear as evening 
Star, requiring 220 days to reach greatest eastern. elongation. Then 
in only 72 days it moves back 
to inferior conjunction, this time 
between us and the sun, pres 
ently to become the morning 
star. In 72 days more it 
reaches greatest. western elonga- 
tion, where it turns again 10 
begin the 220-day return to su- 
perior conjunction. Thus 
; 584 days- 
of Ve 


the 


entire synodic period i 
The greatest. brilliancy 
nus as evening and morning star 


8.2. Ve 
+ nee nus as Eveni 3 
Changing phase and ORA Star. occurs about 36 days before and 
of the anet а . apparent size 4 A Бы š 
e planet as viewed with R after inferior conjunction. Оп 
telescope ше Ddume d еа Јо 
d these occasions 1t. appear 
brightest star, and 6 time times as bright as Sirius. the 
e Se èS as bri r$ н hon The the 
planet appears through tł ight as the planet Jupiter. Then 
5 cres- 


с Шш ОР in the crescent phase, a a 
apparent diameter of the { n Breat [rom horn to horn as un 
the sun. Around the ii ЧУ lighted disk it shows over begone 
visible in full dayligt ES Of greatest brilliancy, Venus be 

yught, like a star in е bide sky to the naked eye 


cent between 5 and 6 


comes 
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Taste 8-I Dates OF Coxyunctions AND. ELONGATIONS OF VENUS 


Greatest | Greatest 
Superior | Elongation Inferior Elongation 
Conjunction East Conjunction West 
(Evening Star) (Morning Star) 


1961, Jan. 29 | 1961, Apr. 10 | 1961, June 20 
1962, Sept. 3 | 1962, Nov. 12 | 1963, Jan. 23 
1964, Apr. 10 | 1964, June 19 | 1964, Aug. 29 
1965, Nov. 15 | 1966, Jan. 20 | 1966, Арг. 6 
1967, June 2 1967, 4 1967, Nov. 9 


1960, June 
1962, Jan. 
1963, Aug. 2 
1965, Apr. 
1960, Nov. 9 | 


8-3. Mercury Resembles the Moon. The best views of Mercury 


with the telescope are obtained in the daytime when the planet is 
well above the horizon. In addition to the phases, some dark 
markings are glimpsed and are also recorded in photographs, which 
are mandal ol the lunar seas. ‘The great increase in the planet's 
br ightness [rom the quarter to the full phase, as the shadows be- 
come shorter, indicates that its surface is as mountainous as the 
surface of the moon. L ike the moon, too, Mercury has no atmos- 
phere, and would not be expected to have any because of its small 


size and surlace gravity- Я А ' 
J i 1 n rotates in the period of its revolution around 
ust as the moo 


" days 
us, so Mercury rotates once in 88 m ieee 
the st | juality of the periods is verified by Dollfus in France, 

? sun; the cc 


who finds that the equator We _to the ecliptic. 

Because of the considerable eccentricity of its orbit, the librations 
“ sc O ч "face i 

of Mercury leave only 30 per cent of the surface in permanent dark- 


ness, That part of the planet has a temperature not far above abso- 
lute zero, whereas the roe ks on the sunward side are hot enough to 
melt lead; such extremes of temperature are unique in the plane- 


while it is going once around 


is inclined about 7° 


tary system. 
fenus, T А 7 
8.4. Cloudy Atmosphere of Venus. The surface of Venus is so 


concealed by the atmosphere around it that it has not been ob- 


Served even ir 
through violet filte 
Were studied by F- Е. 


i infrz ared photographs. Photographs of the planet 
; reveal a variety of atmospheric markings which 
Ross as carly as 1927. The markings are 
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ascribed to clouds of yellowish dust that is abundant there because 
of the lack of water. They frequently appear as alternate hight 
and dark bands which are presumably parallel to the eqno 
These bands inform us that the rotation period must be consider- 
ably less than the period of the planers revolution around the siti 
Yet the period cannot be as short as а day. because. the spectrum 
lines are not noticeably slanting, as they are in the swiltly rotating 


н s А ft) апа red 
Fic. 8-4. Venus Near the Quarter Phase. In violet pa exi Ob- 
light (right). (Photographed by Gerard P. Kuiper at Mc 
servatory) 
| LANA riod of 
Saturn (Fig. 8-94). Ross estimated that the rotation ре 
Venus may be about 30 days. 2ichardson 
More recently, Kuiper at Mc Donald Observatory and Riché D 
BY : anc 
at Mount Wilson measured the directions of the юш Bm ults 
d E s pwo ros 
their photographs of Venus, From the average of the two - about 
we conclude th nj 


м і i : eclipti 
at the equator may be inclined to the eclipt 
as much as are the €quators of the earth and Mars. 

The spectrum of V 


apor oF 
of free oxvgen in 


€nus also gives no evidence of water 


Eda é е 8 p 
its atmosphere, Jt reveals instead a surp? NA 
amount of carbon dioxide availab 


? ; K h 
upper levels as in the entire atmosphere of the earth. Althoug 


fe я P | sun, 
Venus resembles the earth in size mass, and distance from the su 

2 a B ASS, d * $ mor? S 
and has sometimes been ‹ it scent 


rising 


many times as much in the 


А alled the “earth's twin sister, m 
unlikely that we would find this dust bowl of the planetary syste 
a desirable place in which to live. 
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8-5. Transits of Mercury and Venus. The inferior planets occa- 
sionally transit, or cross directly in front of the sun at inferior con- 
junction, ‘They then appear as dark dots against the sun's disk. 
About 13 transits of Mercury occur in the course of a century; 
they are possible only within 3 days before or after May 8, and also 
within 5 davs of November 10, when the sun passes the nodes of 
the planet's path. The latest one, on November 7, 1960, was visible 
in the United States and Canada. Transits are scheduled for the 


Fig. 8 "Transit of Mercury. va tory. 
J. L. Gossner at the Naval Obsereuon 


November 14. 1953. Photographed by 
(U.S. Navy photograph) 


remaind { the century оп May 9, 1970, November 10, 1973, No- 
ander o 3 D - 


vember 13, 1986, Novemb 
ing transit, Transits ol 


er 6, 1993, and November 15. 1999, a graz- 
Mercury are not visible without the tele- 


E ‚сап be timed rather accurately, have been 
Vhese transits, which can cd Уш : 

Useful for improving our knowledge o n ү, planers motions. A 

Century ago, the French mathematician everrier discovered from 

ERI 15105 that the perihelion of Mercury's orbit is 

vould be predicted by the law of gravitation, 


ylanet’s orbit is turning eastward, mainly 


records of many tra! 
advancing faster than v 
The Major axis of the | 
attraction 
been explained by the theory of relativity. 


because of the s of other planets. “he observed excess 

ause о 3 

in its turning has now Ў 
Transits of Venus are less frequent: they are possible only when 

the planet arrives а! inferior conjunction within about 2 days 

before or after June 7 or December 9, the dates when the sun passes 
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the nodes of the planets path. They are now coming in pairs 
having a separation of 8 years. The latest transits occurred in 1874 
and 1882; the next ones are scheduled for June 8. 2004, and June 6, 
2012. Transits of Venus are visible without a telescope. 


of EE gt at ч" sat 
SCALE OF TIME 
Fic. 8-5А. Transits of Mercury, 1937-1999. (Diagram by Fletcher C 
Watson in Sky and Telescope) 
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u .. ват days 
Next in order beyond the earth, Mars revolves once 1n 687 er 
at > aver: mee re А ; a к 

the average distance of 142 million miles from the sun 1 ; 
rotates on its axis once in 94» 37m, Its diameter is 4200 pr 
slightly more than half the c © 


Р 5 те! 
p arth’s diameter. Its atmosphere 15 
sufficiently extensive 


і ; vas. оа Ў 
а variety of and clouded to hide its surface which ы ins 
d d чу rki à E 
У of markings The persistent. idea that Mars conta! 


certain forms of li lod 
5 ife has i ject of special ! 
ара x s made this planet an object 0! 5] 

terest, particularly at its closest ! i 
25 


105 


approaches to the earth. 
8-6. O iti | 
b ositi / i ae 

of 780 oe raf of Mars with the sun recur at average нета 
ays, or about 50 days | } Г geniti 

Bove 5 ays longer than 2 years. They accorct^9 7 
come 5() days later in ease aie Meis ed 
эссе Pie [ 1 ў s 
eccentricity of its orbit Mars ү 
тот the earth at the diffe 
miles at perihelion to 63 1 


alternate years. Owing tO e 
Pe - ) NEM 

aries considerably in its eie n 
T: dre 4 35 millio 
rent Oppositions, [rom less than 35 mill 


nillion miles at aphclion. 
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Taste 8-1 Opposrrions or Mans 


ave ch@inposition | SEARS Dati T-— 
1956, Sept. 10 Sept. 7 | 35 ё 
1958, Nov. 16 Nov. 8 45 19 
1960, Dec. 30 Dec. 25 56 —1.3 
1963, Feb. 4 Feb. 3 62 —10 
1965, Mar. 9 Mar. 12 62 —1.0 
1967, Apr. 15 Apr. 21 56 134 
1969, Мау 31 June 9 45 =1,9 
1971, Aug. 10 Aug. 12 35 —2.6 


cur when the planet is also near its 


Favorable oppositions OC 
always 


perihelion, At these unusually close approaches, which ar 
in the late summer, Mars becomes the most brilliant starlike object 
in the heavens with the single exception BE Venus, m also attracts 
attention then because of its red color. a iih ^ Ж er magnib 
ing only 75 times, its disk appears as large as €: à p s p 
to the unaided eye. The dates of oppositions 9 p^ id bon 
latest to the next favori able opposition are given in able 


M. en 
Distances ol Mars at Oppositions from 1954 to 1971. 


Fic. 8-6. Varying 
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The oppositions of 1963 and 1965 will be equally unfavorable, al- 
though even then the planet will be superior in brightness to all the 
Stans except Sirius. Following the favorable opposition of 1971, a 
pair about equally favorable will occur in 1986 and 1988. 


8:7. The Seasons of Mars. Mars presents its poles alternately to 
the sun just as the earth does; its seasons resemble ours except that 
they are about twice as long. The winter solstice occurs near the 
tme of perihelion, as in the case of the carth. ‘Thus, as with us 
(3-16), the summer in the southern hemisphere begins when the 
planet is nearest the sun, and in the northern hemisphere when it 
is farthest from the sun. On the carth, as we have seen, the warmer 
summers and colder winters that might otherwise be expected in 
the southern hemisphere compared wih the northern one are not 


appreciably so; the variation of our distance from the sun is rela- 


tively small, and our southern hemisphere has the more water to 

modify extreme temperatures, 
The temperature dillerence is noticeable on Mars because of its 
sun 


more eccentric orbit, where the greatest distance from the 
exceeds the least by 20 per cent, or 26 million miles. The tempera- 
tures of the seasons are appreciably the more extreme in the Martian 
southern hemisphere. The snow cap around its south pole be- 
comes larger in the winter season than does the north polar cap: 
and it completely disappears in the summer, which the other has 
not been observed to do. It is the south polar cap which is toware 
the earth at the favorable oppositions, and this is accordingly ше 
one that more often appears in the photographs. 

which 


Ss: T аго " 
he Polar Caps; the Hazy Atmosphere. White caps. M 
* con^ 


d ое ia pesi the poles of Mars, are the най сар 
expands rapidly as. Pai view with the telescope. Each АП ane 
with the "io ip нм comes on in that hemisphere, and poni а 
diameter of 3700 siu, йык: The southern сар has p хау 
from the pole to dm p Dat it ther eependied more н ‘ep W^ 
the mata Бөйү sti» pua d ats toward Ше deri 
presumably on the En ад 


As the cap retre 
Р Á ind for a time a small 
T summit or Cooler s] 

le polar caps are more ae 


light, which reveal the 
Kuiper has explained, 
™ our cirrus clouds, 


pe of a hill. А 
Conspicuous in photographs 1 
arcas of h The haze. 
lar to th E 
cooler ап 


violet 


аге above them. 
: aused by ice crystals simi 
Patches of h М е 


may Бе с 


аге also appear in the 
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near the sunrise and sunset lines. Yellowish spots like clouds of 
dust are visible at times on various parts of the disk. Often the 
haze is widespread over the disk, making the view of the surface 
more difficult, and then it clears quite suddenly over large areas. 


8-9. The Darker Markings appear through the telescope in a 
variety of shapes and sizes against the reddish background which 
imparts its color to the light of the planet. The reddish areas them- 


egions of Mars. South is at the top and east is at the 
fl photograph, taken September 28. the dark central 
acum. In the lower left, taken October 8. Mare Cim- 
d in the upper right. taken 31» hours later. Syrtis 
Major has come around to з эр Eie aur vidit photograph was 
taken October 19. Меке. а he sitil polar cap has shrunk consider- 
ably. (Photographed m at Pic du Midi Observatory, France) 


Fic, 8-9, Various R 
Tight. In the upper le 


area is Mare Erythr 
Merium is central, ап 
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selves are often called “deserts.” Dollfus, observing at Pic du Midi 
in France, reports that their light resembles sunlight reflected from 
pulverized yellow oxide of iron. 

The larger dark areas are known by watery names which have 


survived, like those of the lunar "seas," from the carly maps. 
зү, а " ь A ш © " 
Prominent among them аге the Syrtis Major (Great Bog) and Solis 
Lacus (Lake of the Sun). With the shrinking ol each polar cap 


| 
"- J 
180° LONGITUDE 270° o 9o 


Кыз ч 2 А jadi. 

Fic. 8-9A. Sketch Map of Mars. It is based chiefly on a map by pe E 

Wind currents indicate the circulation during the Martian south 
summer. (Diagram by Dean В. McLaughlin) 


ч | | iuc con о DE? 
the dark markings of that hemisphere are more distinct; they Я 
a з ; B " fade г шг 
come green during the Martian spring, and then fade and ми 
brown as winter approaches. ‘Thus they might seem to behave ® 
areas of vegetation would do 
An alternate ex ion i i 
D. B. M ms explanation of the dark markings is of 
. B. McLaughli ; A ichi 2 vie 
as freque " &hlin of the University of Michigan. He vic iling 
winds ү ir. ‘en areas of volcanic ash guided by preva! wi 
š into barlike a i > 
une a nd funnel-shaped forms which te nd to 
à riangular estuaries, The dark areas are more abu 
in the southern hemisphere wl | 
топ igher winds, T i 
ap gp rs The Margaritifer Sinus. abbreviat 
Mar. in Fig. 8-9A, is і ratiy е. ; direction 
g illustrative, Notice how it changes dire¢ 


after crossing the alis 
5 equ as f й А ‚ Corioli5 
effect (2-1). though influenced by thc 


Tered by 
ws them 


termi- 
ndant 


here the more extreme tempera 
ed to 


ator 


Changes in wind di s 
ЕА ; rhe 
s rections at certain seasons may bring 10 
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red sands of the deserts to partly obliterate the darker markings. 
This interpretation would account for the variations in the forms 
and for the appearance of new 


and distinctness of the markings 


servers at the opposition of 195-4. | 

The nomenclature of Mars was revised by the International Astro- 
The number ol proper names for the large 
which are generally the same as before, 


nomical Union in 1 


regions is reduced to 12 
Small details are. designated. only by their approximate. Martian 


longitudes and latitudes. The official list of names and the maps for 
identifying the various features are shown in Sky and Telescope for 
ying 


November, 1958. 
8-10. The Canals of Mars. A complex network of fine dark lines 


known as the canals of Mars \ first reported by the Italian astron- 
who observed it with a small telescope. and 


omer Schiaparelli, 


Markings. The prominent oe iustum. "D a dy vn 
(Photograph by E. E. Barnard, ick Obs ети ш а 
В К Trumpler, Lick servatory) 
described the lines as like es en thread of spider's web drawn 
across the disk." This careful observer found the canals less difficult 
to see in the hemisph 
tempted to suppose th 
Width of the strips. 
Many observers hi 


ere where the snow cap was melting, and was 
at vegetation bordering them might add to the 


ive viewed the network since then, often with 


telesce f moderate size. The impression has been that it ap- 
scopes ol n ji j " " 
Pears id during rare instants of exceptionally steady secing. 
а g ? 
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Thus a i 
continued su i 
Ccession c Ц à 
exposures permitted by of photographs with the very short 
ХЕЧ, Recent by the largest telescopes might be expected to 
siseari euentu vox ; 
me rim : eventually if it exists, Yet many other experi- 
xs have bee . t 
ave been unable to detect long narrow canals even 


visually, ; " 
у, and have doubted their existence as such. 


8-11. The Clim: 
than be bsp de Man. The atmosphere of Mars is rarer 
mal life. Free пем coy in certain ingredients necessary for ani- 
subi sensoa 1 m is not detec ted in the spectrum analys 
d from the planet; it must be less than | per 
The chief con- 
this means. 
cord- 


is of 
cent 


as abunda 
dz те as і 
Pen int there as in the earth's atmosphere. 
ree may be nitrogen, which is not revealed. by 
ater vapor is И ` А 
bars xd я 15 а a tenth of 1 per cent that of the earth, ac 
ег, W as ; 7 | 
tes n 1 w 10 has shown that carbon dioxide, however, is twice 
e ant as in our atmosphere 
пе average te rz 7 : 
ЖЕЕП. ka emperature of the surface of Mars is 40° below zero 
as compared with 60° above zero for the earth. The 
shing of even the 
the dark 


climate 

ate ¢ wien 

hardie а Mars seems to be too severe for the flouri 

i st known vegetati š А 

Areas. getation in such profusion as to color 

8-12. у 

2. Mars Has i 
Deimos ec Two Satellites. Their names are Phobos and 
Я h ar 'erv sma i 

are very small, probably not exceeding 10 miles 


Fic. 8. É 
8.12. The Two Satellites of 
Kuiper, 


Gerard Р. 


Moms dp Р 
McDonald ia S 
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in diameter, and are so near the bright planet as to be invisible 
except with large telescopes at favorable times. 

Phobos has a direct revolution at the distance of only 3700 
miles from the surface of Mars, once around in 7^ 39™, or less than 
one third the period of the planet's rotation in the same direction. 
Viewed from Mars, therefore, Phobos rises in the west and sets in 
the east. No other known satellite in the solar system revolves ina 
shorter interval of time than the rotation period of its primary. 
the outer satellite, revolves eastward around Mars once 
It is smaller than Phobos and only a third as bright. 
rises in the cast in the Martian sky, but drops behind 
the rotating planct so slowly that it goes through its whole cycle 
an observer there belore it sets. 


Deimos, 
in 30h 18", 
This satellite 


of phases for 
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or minor planets, revolve around the sun mainly 
ars and Jupiter. Invisible to the naked eye, 
of Vesta, they are “starlike” in the 
disks even through large telescopes. 
lution between 314 and 6 years. 


The asteroids, 
between the orbits of M 1 
with the occasional exception 
sense that. [ew of them show 
The majority have periods of revo 
Toward the close of the 18th century, 


the German astronomer Bode invited Tis Жы to shar ps 
search for а planet between the der 4 А на = Ne ep i 
explained that a series of numbers, ше ue € F M оп 
as BodeisTase (7-185. represented the relaie ‹ — of the known 
plants egt. rire auf ith ngle exception, No planet had been 


8-13. Discovery of Asteroids. 


asl 
at 9 
found corresponding to the number T€ "— | _ 
While the search was being i apes s. клика plang: жр 
discovered incidentally by Piazzi m Sicily on the Ist of. January, 
ol its motion among the siis: The mean distance of 
the new planet, Micra са proved to be almost 
exactly 2.8 times the earth's Шиа Irom the sun, There was 
greater surprise when other mu planets were discovered later at 
about the same distance as Ceres. 
asteroids have been detected by the generally 
1 the photog aphs by their motions against 


1801, because 
whicl 


Many thousand : 
Short trails they leave !! 
the background of the st 


than 1600 have had er 
running numbers and names in the catalogs. 


ars (Fig. 8-13) during the exposures. More 
orbits determined and have accordingly 


received permanent 
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Many of even these, however, could readily become hopelessly lost 
because of considerable and rapid perturbations о! their orbits by 
the attraction of Jupiter. As an c mple of the concerted effort 
to prevent their being lost, Е. К. Edmondson and associates at 
Indiana University have recovered a number of the fainter ones 
by moving the telescope to follow their expected motions during 
the exposures. Thus the light of the asteroid is concentrated in a 


small image while the stars appear as trails. 


Fic. 8-18. Tr 


di е СА 
ails of Three Asteroids. (An early photograph by Max Wo f 
Königstuhl-Heidelberg) 


The asteroids are 


j 1 planets: 
Ceres, the largest, 


d Vesta 
50 


2 small as compared with thc princip: 
are also among tH 55 480 miles in diameter. Pallas, Juno, an 
50 а n b 
miles, and мв: е Баре asteroids, "Ihe majority are less than 

y. some are К di 

are known to be scarcely a mile in diameter. 

8-14. Orbi 

+ Orbits of Asteroids =- r 
siderably from th S, ‘The motions of asteroids depart con 
ments he } © regularities we have noted (7-21) in the 

5 of the larger eR E 2, 
ü ne larger planets, Althoush they all have direct 
10ns, some have Orbits so much ; gh they a E ж. teat 
entute {г i incline > ecliptic tha 
venture far outside the zodiac ined to the ecli] КЫШЫ 


move 
revolu- 
they 


Some have rather highly cc 


Orbits; one asteroi Ў 
5; а ic н z Я 
1, Hidalgo, has its as Saturn 


aphelion as far away 
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and another, Icarus, comes at its perihelion nearer the sun than the 
orbit of Mercury. 

The asteroids are not distributed at random through the zone 
they mainly frequent between the orbits of Mars and Jupiter. They 
avoid distances from the sun where the periods of revolution would 
be simple fractions, particularly one third, two fifths, and one half, 
of Jupiter's period. There they would be subject to frequent re- 
currences of the same types of disturbances by Jupiter. Where the 
periods are equal to Jupiter's, however, there are two regions in 
which asteroids congregate. The Trojan asteroids oscillate around 
Jupiter's orbit, which are equidistant from that 
They are named Achilles, Agamemnon, and 
More than a dozen are recognized. 


two points near 
planet and the sun. 
so on after the Homeric heroes. 


8-15. Close Approaches of Asteroids. Several known asteroids come 
within the orbit of Mars and make closer approaches to the earth 
апо any of the principal planets. Among these is Eros that can 

ч miles, at which time this 15-mile object 


come within 14 million Ы т à 
star of the 7th magnitude. These favorable 


appears as bright as а 


~ 


p= HIDALGO =~ 


Four Unusual Asteroids. Broken lines represent 
ow the plane of the earth's orbit. (Adapted from 
diagram by Dirk Brouwer) 


Fic. 8.15, Orbits of 


Parts of the orbits bel 
а a 
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oppositions, when Eros is also near perihelion, occur rather infre- 
quently; the latest one was in 1931, and the next one is scheduled 
for 1975. The large parallax on such occasions permits accurate 
measurements of the distance, which have been valuable for verify- 
ing the scale of the solar system (7-90). 

Examples of asteroids that come even nearcr us аге Apollo and 
Adonis (Fig. 8-15). The perihelion distance of Adonis is only 
slightly greater than Mercury's mean distance [rom the зип: this 
asteroid passes a little more than a million miles from the earth's 
orbit and about the same distance from the orbits ol. Venus and 
Mars. Another neighborly asteroid, Icarus, attracted Baade's at- 
tention in 1949 when it left a long trail on a photograph with the 
48-inch Schmidt telescope. At perihelion its distance from the sun 
is less than 20 million miles. А 

Asteroids which have been observed within a few million miles 
of the earth are about a mile in diameter. At closest approach. they 
appear as faint stars moving so swiltly across the heavens that they 
can easily be missed. Мом ol them have vanished before their 
orbits could be reliably determined. 


-16 Р сала ` Я тето 
8-16. Asteroids as Fragments. The erratic orbits of some амїего! 

^5 E . pelled in 
Suggest that these are fragments which have been propelled = 
This theory 


various directions by the collisions of larger bodies. 
) ! us 


May account not only for the smaller asteroids that pass near 
but also for the meteorites which fall on the earth and are occasion- 
ally large enough to blast out meteorite craters. . 

Many asteroids fluctuate periodically in brightness, as would be 
expected of rotating lragments having irregular shapes, Eros P an 
«кары. In its rotation once in 5" 16", diis asteroid shaped roughly 
like a brick Presents its | is in turn. 
Thus it becomes bri ghi twice 


arger sides and smaller ends to t 

in ed А ghter and fainter out there in the sunli | 

in each period, The li a * an the equatol 

i rese ight variation is greatest when t 

S prevented edgewise : arts of 

the orbit when a pol ection: 
An extensive phe ds by 


to us, and it becomes less in other | 
in our dir 


ar гері i t 

t A is turned more nearly 
: Xntoelectric 
G Bi Kuiper and associates h 
oeriodically i 1 

f iodically in brightness, h 
Period of rotation. The 
hours, The rotation axes 


ОГ the asteroid Eu ; 
s momia the di ; эмр lv тей? 
grade, the direction of rotation is definitely ГЄ 


Study of representative asterol ry 
kenge сёй Wd 
as shown that over 90 per cent ch 
ad : 2 oen X 

Aving two maxima and minima 1n a 
Periods range from 2^ 52" to about = 


ave r ^ А e case 
have random orientations. In the © 
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Jupiter is the largest planet. Its cquatorial diameter, 88,600 
miles, is 11 times as great as the carth's diameter. Its mass exceeds 
the combined mass of all the other planets. With the exceptions 
of Venus and occasionally Mars, this planet is the brightest star- 
like object in our skies. Even a small telescope shows its 4 bright 
satellites and cloud belts clearly. Jupiter has 12 known satellites, 
the greatest number attending a planet. 

At the distance of almost 500 million miles from the sun, Jupiter 
revolves around the sun once in nearly 12 years, so that it advances 
one sign of the zodiac [rom year to year. The period of its rota- 
tion, about 9^ 509, is the shortest among the principal planets. 


8:17. Jupiter's Cloudy Atmosphere. The markings on the disk 
А net, which run parallel to its equator, are features 


of the g 


ant pla 


October 24, 1952, Showing the Great Red Spot. 
ht at the coudé focus of the Hale telescope. The 


dow appear near the top of the disk. (Mount 


F - 
is 8.17. Jupiter. V 
hotographed in blue lig 


3 
std y ; its sha 
ate ^ and its А 
Hite ni НИ Palomar Observatories Photograph) 
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of its atmosphere. Bright zones alternate with dark belts. The 
broad equatorial zone is bordered by the north and south tropical 
belts. Then come the north and south tropical zones, and beyond 
them a succession of dark and bright divisions extending to the 
polar regions, Bright and dark spots appear as well: they often 
change in form quite rapidly, as atmospheric markings might be 
expected to do. Yet some of them are of surprisingly long dura- 
Поп. The Great Red Spot (Fig. 8- 17) is an extreme example: this 
oval spot 30,000 miles long, has been observed for at least а cen 
tury; it behaves like a floating solid. "Ihe markings go around 
in the rotation at different rates, owing to the unequal horizontal 
movements of the clouds themselves, 

The atmosphere consists mainly of hydrogen and helium. 
refraction effect on the light of a star was recently observee 
W. A. Baum and A. D. Code as the planet began to occult the | 
and was interpreted by them to mean that Jupiter's outer Apos 
phere has a molecular weight of about 3. Methane and ammonia 
contaminate the atmosphere, as is indicated by the presence of etal 
bands in the spectrum. At the temperature of —200° F, methane 
15 still gaseous, whereas ammonia is mainly frozen into crystals. 


Its 
1 by 


star, 


| . 4 ‚ог, which 
8-18. Structure of Jupiter. The bulging of Jupiter's equator = 


is clearly shown in the figure, provides one clue to conditions 1 
the interior. With its swift rotation the planet would be Y^ 
more oblate if its mass were not highly concentrated свеч fs 
center. Other clues of what is hidden beneath the clouds arc E 
low temperature and the low average density, about 13 oy ig : 
density of water, of the whole planet, which requires very lig 
material in the outer parts. 
It is difficult to choose from 


tical models 
that would justify the 


pert wild! 
in which 
90 miles 
a rocky 


among the different theore 
of Yale Uni а limited clues. As one extreme, Ru 
niversity, about 20 years ago, designed a model 


the atmosphere is ma; | 
T s main] idr i aS се e 
Benni ne t о y of hydrogen and has а depth о 


core 38,000 miles ; ayer of ice 17,000 miles thick around 
: s in diameter: the core of the heavier eleme! ё 

„ averag 

ater, or Somewhat more than the carth's averas 


droge ri ds 
ie Hy gen contributes 50 per cent of the mass of this 11 
;undance now considered t 1 
ОО low. 


‹ ats is 6 
times as dense as w 
density, 


At the opposite e 
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Posed a model of — Wildt, DeMarcus, and others have bi 
S Ne planet consistin, юе aie 
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mosphere in this model is only a few 
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thick. Solid hydrogen begins at a depth of 2000 miles. Metallic 
hydrogen extends from a depth of 8000 miles to the center; it be- 
comes highly compressed under the very great pressure, which in- 
creases to $2 million atmospheres at the center. Intermediate models 
have been discussed by these and other investigators. н "m 
choice may be, we conclude that Jupiter has little resemblance to the 
Carth, 


8-19 Jupiter's Twelve Satellites. Next to the moon the 4 bright 

satellites of Jupiter are the most conspicuous in our skies. They 

Could be glimpsed with the naked eye if they were farther removed 
2 х 


3right Satellites. The lower photograph was 
5 


Fic 
1С. 8.19, pper one. (Yerkes Observatory Photographs) 


ken 


Jupiter's Four 
3 hours later than the u 


м. They were discovered by Galileo 
f „ planet. They w y Gi 
c the glare of the pl 
arly in 16 
Yin 1610. әй i $ : 
Thi be | llites are numbered in order of distance from the 
€ bright sate _ К 
Planet: q z | personal names as well, although these are not 
{ they have * Р ; ` ; : 
39 often used, ‘The Ist and 2nd satellites are about the size of the 
"n used. ; " 
"oon, The 3rd and 4th satellites are hall apain as great; they are 
the largest ol all satellites and surpass even the planet Mercury in 
Фао Р ‚ moon they have equal periods of rotation and 
Meter, Like the m | 
"evolution. и " К " 
These satellites have direct revolutions in nearly circular orbits, 
Which gre nearly in the plane of the planers equator and of its 
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А xdgewise to 
orbit around the sun. Because their paths are у kn of. the 
the earth, the satellites seem to oscillate from не ypear behind 
planet to the other (Fig. 8-19). At times че) a e pass in 
the planet's disk or into its shadow, At other t : 
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Fic. 8-19А. Orbits of 


two orbits during 
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front of the planet; 
telescopes of moder 
visible as well. 


е with 
their transits across its disk are a it are 
ate size, and the shadows they cast UP 

i › be casily 
The other satellites of Jupiter are too small and faint tc 
seen through the telescope, 


s [rom 
; bers P 
They are designated by num 


est 
К P , neart 
> atellite is the S 
Overy, "phe 5th satelli wm of its 


5 to 12 in order of their disc 


E inclinati 
of all to the planet; in the small eccentricity and. inclina 


иез 
А ТОУ a H B satelli 
Orbit and in its direct revolution it resembles the bright ` iy and 
— * á " a icity 
The 7 outer satellites have orbits of considerable cccentr 
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inclination to the ecliptic. ‘They fall into two groups. The 6th, 
7th, and 10th satellites have direct revolutions at mean distances 
of a little more than 7 million miles from the planet. The 8th, 9th, 
llth, and 12th satellites have retrograde revolutions at distances 
about twice as great. А 

The data on the outer satellites in Table 7: П1 are as given by 
Nicholson. The order of distance of the outermost four, as he points 
Out, has little significance, because disturbances of their motions by 
the sun's attraction may change that order in a few years. The 
diameters of the faint satellites, which do not appear as disks with 
the largest telescopes, are estimated from their brightness. 


SATURN, THE RINGED PLANET 


Saturn is the most remote of the bright planets and is, therefore, 


its movement among the constellations. It 


the most leisurely in 
; the mean distance of 886 million 


evolves once in 2914 years al Я os m 

A bright yellow star in our skies, it ranges 
Altair to twice the brightness of Capella. This 
1 size and mass; its equatorial diam- 


Miles from the sun. 
from equality with 
Planet ranks second to Jupiter п 


eter is 74,100 miles. It has the В 
е most prominent bulge at the equator 


system ol rings makes it one of 


lowest average density, 0.7 times 


the density of water, and th 


Of any of the planets. Its unique 5 et 
the most impressive celestial sights with the telescope. 


Saturn resembles Jupiter except for its 


8.99. 
20. The Planet Itself. ; i i 
ae Plan The core is relatively smaller in 


Smaller size, mass, and density. 
ns it a rocky core. Methane bands are stronger 


Fic, 8-90. Bright Spot on saturn. (Photographs with ultraviolet, violet, 


and yellow filters, August 7» 1933, by W. Н. Wright, Lick Observatory) 


Ше model that ass 


in its spectrum, and there 15 less evidence of ammonia presumably 


Cause this ingredient is frozen out of its atmosphere at the lower 


te ‹ o 
“perature there of = 240° F. 


“rom its broad, yellow: equatorial zone to its bluish polar caps, 


the cloud markings of Saturn show less detail than do those of 
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Jupiter. A] 
J . A large brigl 
g e a shi 
in 1933 was exce] ee t spot which appeared in tl 
s exceptional; i Я зе equatorial 2 
first, and quickly becan z was an oval spot 10,000 | ү T 
} ame longer. T 7 p Ts 
nger. The rotation period d i ed |; 
crived from 
5 


some spots in i 
ts in inter i 
mediate la Г 
the period from u cae latitudes is around 101,1 
1e - » "i rs, whe 
about half ; oppler eflect in u pn. Bunt 
an hour less. le spectrum at its equator is 


8.21. T 
+ The S; i 
; atellites of S; 
ЖШ s of Saturn, Ti 
üturn's 9 k V RH 
9 known satellites, i an, the largest and brightes [ 
eoe eats he к ee st of 
\ ШШ hin the 110011. 


It is 
the c 
only satelli i (9 
ys te in the 
solar sys 
tem know! 
) 1 to have an atn 

i 4 atmos- 
se of 


phere, al 

E thoug i i 

Neptune's als an atmosphere is now 

RE GSC Ce Бег satellite. Titan’ v suspected їй / 

in Kuiper's рб] e. Titans ЖШ Qe m 
Bid S d ^ Я : i 
graphs at McDonald Observatory ope lli 

з B y- 115 sate ие 


элт 


resembl 
es Mars in i 
ру 5 in its reddis 
action eddish > 
ot ihes color, prob: NS 
Four M atmosphere on the surl probably because of similar 
or five otl Часе rock 
лег satellit Е 
es can b í 
К e seen with telese Г 
Copes of mod- 


erate si 
ire, appeari 
а appearing as lai \ 
ee sie All the satellite raa stars in the vicinity of the rin sed 
‘ith the x 5s have dir } ring? 
excepti direct revolutions а 
Phoe ption of Phoebe ions around the planet 
ioebe hs raroa зоере, the most distant and tl ; l 
«аниа S side wvohnion Be | pA id the faintest опе: 
. Some ol © Jupiter's оше 
of their the satelli 3 uter 
eir revolut atellites vary i 4 ў 
lutions; ary in brightnes 
s м өе у t ess in the 
they evidently rotate ES ео 
4 e evolve n the 
aces of uneven 
satellites 
nsitics 


group ol 
periods 
same 


periods, 2 
s, and are ci А 
reflecting powe а iregular in form or ] 
Ne 1 dave sul 
sugge ve very 1 
ggests to Kui , righ reflecti ; 
ulper th: A ection from the inner 
per that they have icy surfaces, and tl x. 1 
b ‹ m ‹ wir ow de 


may mean that tl 
at they are ¢ 
ey are composed mainly of i 
H ) їсс. 


8-22. $. 
2^. Saturn’s Ri 
fore 5 Rings are invisi 
ў à gs are 
unknown amr ad invisible to the naked eve and were there 
afie j i rz vere, 4 
ter the invention ol the. telescope When 
d 


Galil 
alileo beg: 
an observi 
serving S; i 
g Saturn, in 1610, hc gli 
5 glimpsed what seeme 


to be two smaller 
opposite 


sides. T} bodies i 
' T in : Т 
е supposed contact with the planet on 
s later and 
ле planet 
the 
that 


subseque append; i 
rem; 4 tently зра пае disappeared two year 
ained a mystery ur 3 This changing appearance € cal 
у у : gt arance 
iei scientist а about half a century | : | 
ie is encircled M ч with a larger telesce | poche’ 
s ya bie g ype, concluded 
"Th that there are 3 c road flat ring. In stil later mee it was 
m te entire ring ncentric rines i 2 : d po fou 
Ps e E system is 17 g instead of a single опе. 
miles "T 10 miles thick "n miles across but is scarcely 
А ле mi А е wi 5 4 
he middle or bri sr ing i 
d fr. со я 1 of the uv 00 
fr r bright ring is 16,000 oe p. a 
i Я miles wide, It is sepa 
named 


om th. 
€ outer ri 
ring by the 3000-mile Cassini d 
anile Cassini division, 


SATURN, THE RINGED PLANET 
after its discoverer: this is the only real division in the rings. The 
inner or crape ring, which is continuous with the bright ring, is 
about 12,000 miles wide. Much fainter than the others and not 


Saturn in 1939. (Photographed by Hamilton M. Jeffers, БВ 


Fic, 8.99, 
Observatory) 


Very clearly shown in the figures, the crape ring is nevertheless 
rather casily visible with telescopes of moderate size, although it was 


not discovered until 1850. 


ds 8.294, Saturn in 1943. (Photographed by George H. Herbig, Lick 
Observatory : 


D 


d i — Š - 7 z : : Р 
$> Different Aspects of the Rings. Saturns rings are inclined 
o etd | À 

to the plane of the plancts orbit, and they keep the same dirce- 


27 
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(jr rthern 
tion during its revolution. They accordingly сүз ег 
and southern faces alternately to the sun, and = Е 
which is never more than 6° from the sun as viewec £ 
Twice during the sidereal period of 291 ped ог 
rings passes through the sun's position (F а м A ston, Hosen 
à year each time to sweep across the earth’s orbit. ere Te 
our own revolution brings the rings edgewise to ый ефе 
times, when they disappear through small telescopes and a 
very narrow bright lines with larger ones. 


years the plane of the 


RINGS 
EDGEWISE 
р €—— M RA SS 
UAE oe 
visiere 


EARTH'S ORBIT 


RINGS 
£DGEWiS, 


VRTHERM 
ci 108 


ORBIT OF SATURN VISIBLE 


7 af 
s А > course € 
ў i ss. Twice in the co od 
Fic. 8:93, Saturn's Rings at Different Angles. the sun. Each time 
У { > Jee. p s | edeewise to . d ‘bit. 
Saturn’s revolution its rings become edgewise Утба с: санне oib 
plane of the rings requires about a year to sweep acros 


when 


{ 958, 
TD а r „ж curred in 197 " 
The latest widest opening of the rings occt ar the 


; was ne 
Saturn with the northern face of the rings шан ns е7 open 
Position of the winter solstice. When Ше їй a raneta and 
their apparent breadth is 45 per cent of es E don these occi 
one sixth greater than the planet’s polar y seien ings: this 
sions Saturn appears brighter than usual, because epee и disk. 
angle reflect 1.7 times as much sunlight as does the | 
The next edgewise presentation will come in 1966. 


8-24. Texture of 
which revolve li 


orbits in the of its equator and in the direction E the sun- 
tion. They are mainly icy particles, as Kuiper's study о separate 
light reflected from the rings suggests, "The light from vh re ap- 
pieces runs together at the Sreat distance of Saturn to give 
pearance of 'S surface, 

ally conti; 
Same period, and the outside, h 
faster than the inside, - 
that the inside has the fas 


-ticles 
А id рат ticl 
the Rings. Saturn's rings consist of solid | 


naan a 

5 arly circula 
ke satel}; © planet in nearly | 
ve Satellites around. thc planet its rota 
plane 


а continuor = a the 
If the rings were re моц, al] parts would rotate 1 
Ving farther to go, would go vever 
The Spectrum shows (Fig. 8-24), hos 


ce 
м zn accordan 
ter motion, as it should have in acco 


around 
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with Kepler's harmonic law if the rings are composed of separate 
"e outer edge of the outer ring has the longest TM of ч 
tion, 14^ 97m, The inner edge of the bright ring pronto r 
7^ 46", and the material of the crape ring must go arse 18 = 
shorter time. Meanwhile the planet itself rotates an a poani о 
about 10 hours. Thus the outer parts of the ring system move from 


|" hilt И ELEM oo HI MD) 


| кя фен шаю dapi ве. 
"WO (ap ао CHD Ц “ Эм м онов roO ww 
неми. 0001610900000 : Фарны: 


ЇЇ ШЙ ИШ ИШИ ИШИ iiL LU 


è ARO DI ee ЮЧ IDE RD М to Oe e 
! HP Г SEOD AE е! нне ал - , 
: ji 


| 1 ТШЕ En dr d 


: Sane of Ball and Rings of Saturn. In the Spectrum of 
Fic, 8.94, Spectrum o he middle, the lines slant because of the planet's 
the ball of the planet, vs E © the rings, above and below, the lines have 
rotation, In the spectrum ligas that the rings revolve more rapidly at 
the Opposite slant. rus Ы {КЕР discrete nature. (Lowell Observatory 
their inner roges proving photograph) 


the sky of Saturn, whereas the inner parts seem 
east to west across SKY A M bis ad Nan 
t 1 from west to east, like Phobos in the sky of Mars, 
9 go around fr S 


URANUS AND NEPTUNE 


8-25. Discoveries of Uranus сан ee discovery of 
Uranus, in 1781, was acc idental - piis ш, Villiam Herschel 
in England was examining a d ке : constellation Gemini 
When he noticed à greenish pia м аз emed to him somewhat 
larger than a star. The E сЕ У proved to be a planet 
More remote than Saturn, and ү ide ed the 
Years later, when this planet had gone n arly 
un, its orbit was calculated from many 


name Uranus. Forty 
hallway around the 
observed positions, with 
allowance for the disturbing eflects of other Known plancts. The 
new planet, however, did not follow thereatter precisely the course 
it Was expected to pursue. Astronomers finally concluded that its 
Motion in the heavens was being altered by the attraction of 


a planet 
Still more remote and as yet Unseen, 
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ME 
5 Ae 846. By 
E: Trance, in 14 
Neptune was discovered by Leverrier, in Fi he preceding quar- 
хе E Ё ine the t 
d observed. positions ol Uranus during t l ре чө. сийе 
compar d + К ay able i 
a 2 tury with the predicted ones, he was acus AE 
ter of a century À mm sky. 
the place at that time of the unseen disturbo Lok ae шике 
зе place à i N i 
serli т Shere an i iod 
В Se ` Berlin Observatory, w ДАЙ, resti 
astronomer at the Be | йс g 
Ў > toward the $} p 
; irected the telescope Lowzarc ain d 
Was available, directec Nenne w 
in the constellation Mquarius and soon found > | І liscovery. wits 
; т І : ч phe ¢ 
assigne by Leverrier. ; he 
degree of the place assigned it by mmo. od which t 
acclaimed as a triumph for the law ol gravi: 
L a ч as. 7 
calculation was based. 


Jy 30,000 
: тей, is nearly 3 
8-26. Uranus, the first planet to be discovered, at 19 times the 
miles in diameter; it revolves once in 84 yous: 


alf a 
in less than ha 

` x jn less t 

earth’s distance [rom the sun. It rotates once 


Fic. 8-26. The Five § 


ше 
appears inside the h 


ad 
Photograph! 


a 
" sered 5: 
; А — discove 
atellites of Uranus. The recently 


А We 
alation ring at the left ol the planet as 
by Gerard р, Kuiper at McDonald Observator) 
day, having its equ 


clip! 1С. 
Barely Visible 


incli . the ¢ 
ator inclined Nearly at right angles to 
to the un 1 


i оа small gr i 
aided eye, Uranus shows a sn x clearly 
disk through the telescope, оп which the markings are 

discernible, 


41 
таге 
T : in the infra? 
he spectrum Meludes a dark band in t lecular 
Observed by Kuiper and identifieq 


cenis 


sith me 
by Herzberg witl 
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hydrogen, the first direct evidence of the presence of this clement 
in the 


atmospheres of the major plancts. Bands of the contaminat- 
ing methane appear in the spectra of both Uranus and Neptune. 
PI 


Five satellites revolve around Uranus in nearly circular orbits in 
the plane of its equator and therefore inclined nearly at right angles 
to the ecliptic. The orbits were presented flatwise to the earth in 
1945, and will appear edgewise to us in 1966, The 5th satellite, dis- 
covered by Kuiper at McDonald Observatory in 1948, is the faintest 
and nearest to the planet. 


5.27. Neptune, about the same size as Uranus, revolves once in 
165 years, It has a direct rotation once in 15.8 hours, according 


lo carlicr spectroscopic measures. Using other means, however, 


and Its Inner Satellite. (Photographed by Gerard Р, 
Киіре at McDonald Observatory) 


Fic. 8-27, Neptune 
Germany has recently reported a period of 1 


O. Gruenther in 
the naked. eye, 


hours. Always invisible to 
the Е 


' Neptune appears with 
telescope as à star of the 8th magnitude, and shows a small 
Sreenish disk on which markings have not been seen. [t seems to 
Closely resemble Uranus: Я 
Neptune has two known satellites, The first, Triton, is some- 
What larger than the moon and is slightly ne 


arer the planet than 
the rom the earth: 


it is nearly twice as massive as 
the Moon and perhaps has ап atmosphere. ‘Triton has a retrograde 
evolution, contrary tO the direction of the planets rotation, 
Second satellite, discovered by Kuiper in 


тоот distance | 


‘The 
1949, is much the smaller 


a : g 
nd the more distant from the planet. It has a direct revolution 
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5$ T 
iei 76 > greatest for an 
in an orbit having an eccentricity of 0.76, the greatest for y 
known satellite. 
PLUTO, THE MOST REMOTE PLANET 


а ywell Observa- 
8-28. The Discovery of Pluto was announced by Le ак 
н i f ; n9-col 
tory on March 13, 1930, as the successful result of a long "s 
| en veprune. 
search at that observatory for a planet beyond Хер 


(Mount 


c. 8-28 D i lay. 
S i > stars in one day 
Fic, 8-28. luto. Showing its motion among the $ 1 mone 
Wilson and Palomar Observatories photog 


Е? eraphs taken 
planet was discovered by Clyde Tombaugh in his "m. s Percival 
in January of that year. ‘The search had been raat | min planct 
Lowell, who had calculated the orbit of a arit жен move 
from slight disc repancies between the observed am à ‚ discovery 9 
ments of Uranus, which seemed to remain after thc 
Neptune. 

Pluto is visible w 


TOT 1ag- 
А 5th visual mae 
ith the telescope as a star of the 15th 
nitude. Its di 


ith à 
~ пег with 
i Paros à 'asured. by Kuiper n 
‘meter is 3600 miles, as measured by ity is greate! 
disk meter on the 200-inch telescope. Unless the densi \ | varth's 
c s 5 ^ tenth of the e 
its mass cannot excced a tenth > anc 
е. ts 
) an ours. 
at is considerably rarer ШШ and 
390 days, as determined by M. F. » 
from periodic fluctuations in its brightness. 


than would be expected, 


mass. Pluto is thought 
perh 


Robert Hardie 


`29. The Orbit of Pluto. 
9j 


апе! 15 
l5 astronomical units, 


3 ” i e pl 
At its average distance the | It 


S » sun. 
or 3670 Million miles, from the st 
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revolves once їп 250 years, which is half again as long as the period 
of Neptune's revolution. Its orbit is inclined 17° to the ecliptic, 
the highest inclination for any principal planet, so that Pluto ven- 
tures at times well beyond the borders of the zodiac. 

The eccentricity, 0.25, of Pluto's orbit is the greatest for any 
principal planet. On this account and because of the great size 
of its orbit, its distance from the sun varies enormously. At aphe- 
lion it is 1800 million miles beyond Neptune's distance from the 
sun, whereas at perihelion it comes 35 million miles nearer the 
sun than the orbit of Neptune; yet in their present orbits the two 
planets cannot approach each other closer than 240 million miles. 
At the time of its discovery Pluto was near its ascending node (Fig. 
7-21) and also near its mean distance from the sun. The distance 
will diminish until the planet reaches its perihelion in the year 
1989. In the figure the part of the orbit south of the ecliptic is 


indicated by the broken line. 


QuESTIONS ON CHAPTER 8 
l. Name the principal planets in order of distance from the sun. State 
à unique feature of each. 
2. Mention some points о 
Th: 
Venus and the earth. What 
Uninviting to life? 
3. Why is Venus i 
; а ооп? 
Phase, as in the case of the m Я | : | 
4. Mention some features of Mars which might suggest the presence of 


life, and some conditions which would Serm discouraging to life, 
5. Why is there some doubt as to the existence of a network of canals 

on Mars? «de 
6. In what respects do some asteroids depart from the regularities (7.21) 
ls еее " 2 re 

in the revolutions of the principal planets? Why might p 

% ees net» 

sidered not a principal planet? 
7. The periodic fluctuations 


f resemblance between Mercury and the moon; 
conditions on Venus seem to make that planet 


brightest at the crescent. phase and not at the full 


luto be con- 


in the brightness of many asteroids inform 
Р ;ossible origi Ex plai 
us of their irregulil shapes and [ ЖТ igins, Explain, 

8. Describe the telescopit ner? li al i i 

Jüpitere satellites are sharply divided into 3 groups. 

уу ате Satin rings presented to us at varying 
their edgewise presentation at antersals of 15 жек. 

11. What is the evidence ihat Saturn's rings have discrete constitution 
Tather than continuous amam : 

12. Describe the discoveries o Ceres, Uranus, Neptune, and Pluto, 


Explain. 
angles? Explain 
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OTHER FEATURES ОЕ 
THE SOLAR SYSTEM 


D METEOR STREAMS — 
JOMETS — METEORS AN 
е AND METEORITE CRATERS 


Comets and meteors revolve around the sun in ig dese are 
generally more eccentric than are those of the ре. } — are 
molt of the disintegration of comets; meteor streams are asso- 
a б he orbits of comets. Meteorites, which аге allicd more 
vis ies pedis come through to the ground, and very large 
closely with а 5, 


опеѕ produce meteorite crater 


COMETS 


A icuous comet has a head and a tail. The head consists 
conspicuo 


lar coma, sometimes having a brighter nucleus near 
"m ar , 4 

ipie. pes luminous tail is directed away from the sun and 
The le A 


105 center. considerable distance across the heavens, 


‘asionally extends а : : 
occasionally uim er, are never more than tailless telescopic ob- 
EDO Jn ts, however, 4 B i 
Many кшен, ilar comets, such as Halley's comet, are infrequent. 
jects, Spectacus 


9 llevs Comet is named in honor of Edmund Halley, con- 
L eys € s ; ise | i 
t чо “ol Isaac Newton, who predicted its return йек 
emporary sai 
calculated as 
; aee 
noted its resemblance l did | 
he had also determined from records of their 
ad a 


a parabola the orbit of a bright comer of 1682 and 


to the orbits of comets o[ 1531 and 1607, which 


observed places in 
the sky. Deciding that — — ios appe 
comet, which must therefore v P ane » 

sun's vicinity 


“vances of the same 
an ellipse, Halley pre- 
dicted its return to the about the year 1758.” The 


on Christmas nieht of 


comet wits sighted that vear and reached 


Perihelion carly dn ШШ І Came around lo perihelion again in 
1835 and in 1910, its latest appearance, 

d Wenty-cight returns ol this comer are idc ntihed from the records 
a lar back as 240 p.c. 1t was Hallev's comet th 


at appeared in the 
161 
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June 6 


June 7 


Fic. 9.1, Halleys Comet 


at I 
Observatory 


n Lick 
55 Latest Appearance in 1910. ( 


Photographs) 
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year 1066 at the time of the Norman conquest of England and is 
depicted on the Bayeux tapest The intervals between returns 
to perihelion have averaged 77 years, varying a few years because 
of disturbing effects of planets. 

Halley's comet is not only the first periodic comet to be recognized, 
but it is also the only conspicuous one of the many periodic comets 
known today that return to perihelion oftener than once in a 
century, It has a retrograde revolution around the sun in an elon- 


gated orbit (Fig. 9:14) at distances from the sun that range from 


3NNLIIN 


1964 


‚ ot, The comet will return to perihelion 
слота m alleys Comet. Т 
б. 9:14. Orbit of Halley in 1986. 


35 times the earth's distance. Invisible at 


Опе half to more than ? : : an М ' 
Present near its aphelion, which is more remote than Neptune's 


's vicinity in 1986. 
distance, it will return to the sun's vicinity i7 £ 


Comets are likely to be discovered either 


9.9 iscoverv of Comets. 
Discovery o f the heavens often taken lor other pur- 


б regions О! 
maa ar a cs hl exces “The wey 
after nightfall or the eastern M E iem п are most promising 
for the search, The comet genera | apparis as a small hazy spat, 
and its gradual movement anong | ле stars shows presently that it 
is not a faint star cluster or pese a. Having lound a comet, the 
Observer would do well to report its position, direction of motion, 
iud. ере io Harvard Diseivatory, which serves as à receiving 
and distributing station in this country for such astronomical news. 

As soon as three positions of the comet (its right ascension and 
declination) have been observed at appropriate intervals, a prelim- 
inary orbit is calculated. Then it is usually possible to decide from 
the records whether the comet 15 a new one or the return of a comet 


Y (ES S 1 6 


zaldet 
already known. A catalog ol cometary orbits prep: z d E es 
i 1952 includes 763 comets. Five or SIX coniets аге on oe ey 
year in the average, and two thirds of them have not 
recorded, of the dis: 
The provisional designation of a comet is by ү, у ie disent 
covery followed by a small letter in the order of whic 
is announced; an ex imple is Comet 1956 h. 
nation is the year (not always the 
Roman numeral in order 


The permanent desig- 
/ ed by a 
year of discovery) и A 
d iat усаг; 

of perihelion passage during t y 


Fic. 9.9. 


Motion of Mrkos C 
by Richard Fink 


ed 
;omet (1955 е) in 22 Minutes. у ag 
and William Konig, Milwaukee Astronomica 
an example is Comet 1956 П. 
пате of the discoverer, 
investigations of 
comet is 


А jn by the 
Many comets are also known um 
н : — crow 
or discoverers, or of the astronom 


isti ion; Halley's 
the comet entitle him to the distinction: 
an example. 


9:3. The Orbits ¢ 
noted (7.91 


generally 
ecliptic, 


ave 
" arities we һа 
Xf Comets depart from the regularitic 
1) in the ( 


dis яте 
x These orbits 2 
ase of the principal planets. These 

of high ecc 


еу the 
Cntricity and are often much а a is 
With respect to their motions the comets are dividec 
two groups by a somewhat indefinite dividing line. — 
(1) Comets having nearly Parabolic orbits. In this more ie ae 
group the orbits are so Eccentric that they are not readily ae 
guished from parabolg Small portions near the sun м at 
аге visible, © orbits extend far beyond the ei 
the planets, and the "mined Periods are all so long that О! M 
Опе appearance of cach comet is likely to be found in the recore 


i Я olu- 
In this sense the comets "попремосц About half the rev 
tions are direct (we and the ether sh 


the comets 


are 
ы Cast) alf are retrograde. 
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(2) Comets having definitely elliptic orbits. These “periodic 
comets” revolve in periods not exceeding а few hundred years, "The 
orbits are allied more closely with the planetary orbits. Although 
most of them have high eccentricity, they are frequently more mod- 
crately inclined to the ecliptic, and the revolutions are mainly 
direct; the retrograde revolution of Halley's comet is one of the 
exceptions. 

The Schwassmann-Wachmann comet (1925 П) is unusual in hav- 
ing a nearly circular orbit. It revolves around the sun once in about 
16 years entirely between the orbits of Jupiter and Saturn, and 
remains visible at aphelion. “This comet is also unusual in its occa- 
sional surprisingly great and rapid flarc-ups: an increase of 100 times 
Oterma's comet 


in brightness has occurred within less than a da 
is similar in having a nearly circular orbit, but it shows no unex- 
plained variation in brightness 
8 years entirely between the orbits of Mars and Jupiter. 
ycars entirely vaut TAA. cue or 
The bright comets of 1668, 1843, 1880, 1882, and 1887, which 
© 


It revolves їп a period of about 


passed very close to the sun, had orbits that were nearly the same 
: Presumably they were fragments of a comet 


in the sun's vicinity. 
vious close approach, Indeed, the comet 


that was disrupted at a pre 


Of 1882 was itself observed to bre : 
OOS Wits 156 ate comets between the 25th and 28th 
pected to return as separate С 


ak into [our parts; these are ex- 


Centuries, 

9.4. Jupiter's Family of Comets. Twe ME үче i <a 

volve around the sun in periods averaging 6 qe - A е ы 

Period, Their aphelions and one node е i dn pit are not fai 
so that these comets can. come close to the 

constitute Jupiters family of comets. "V heir 

low inclinations of their orbits to the 


Irom Jupiter's orbit, 
Planet itself, They 
direct revolutions and the emilie ; 
est that Jupiter has assembled the family by capture of 
ЧУ EE Ы 


ipti 
ЧЧ . 
96 originally larger orbits. i successive en 


Comets passing by in - В 
Counters the planets attraction has progr essively reduced the orbits 


to The membership is unstable: further 


their present sizes. ^ apr 
Proaches of these comets to the planet may occur in such ways as to 
remove some of them from the family. Three members of Jupiter's 
family have been espe : 
Encke's анх discovered m 1786, was the first member of Jupi- 


cially noteworthy 


ler's family to be recognized, Mm ISTO. Tts period of revolution, 3.3 
years, is the shortest for any known comet. [ts aphelion is a whole 
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astronomical unit inside Jupiter’s orbit, having gradually drawn 
in by this amount. Since 1819, the comet has not been — 
a single return to perihelion. Like other members of the fami у, 
Encke's comet never becomes at best more than faintly visible to 
the unaided eye. Р 
Biela's comet, having а period of 614 years, came to ап end ina 
spectacular way. At its return in 1846 it was divided into two 


JUPITER'S 


à үи и ү t has 
Fic. 9-4. Orbits of Four Comets of Jupiter's Family. Encke's come 
the smallest orbit of all comets. 


| .t return the 
Separate comets traveling side by side, and at the next return 
separation had increased to 1 


| 08 > An- 
never scen again; but a stream of metcors in its orbit, the 
dromedids or Biel 


; : red the 
h i 79 ids, gave fine showers when it encountered a 
eae a 1872 and 1885. The Giacobini-Zinner comet, having d 
rites period, 15 associated with a meteor stream that in 1933 ant 
provided the most abundant showers of this century. 
9:5. 

E The Nature ofa Comet, A comet’s nucleus is a conglomerate 
о rozen material, mainly methane, ammonia, and water, having 
meteoric particles embedded in it | ‘ 
F. L. Whipple in 1950, i н 


he nt 
exceed a mile or two in diam 


illi i T was 
V, million miles. The comet 


In this theory, proposed by 
‘cleus of the average comet does not 

i eter. It is known that the mass of a 
comet is too small to disturb appreciably the motions of planets and 
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satellites at close approaches, whereas the comet's orbit may be 
greatly altered by the attractions of these bodies. 

Some of the ices evaporate at each approach of the comet to the 
sun. The gases issue explosively into the coma, from which they 
are swept out through the tail by radiations from the sun and dis- 


Arend-Roland (1956 h) The meteoric material ( 


out below the comet's head is more clearly shown in the 
elow 4 5 


left, (Photographs, April 27 


Fic. 9.5, Comet anning 


y picture at the 
7 and May 1, 1957, by Henry | Giclas, Lowell 


Observatory) 


These gases are Wanslormed in the coma by 


Der А 
Persed into space. | 
to carbon, methyne, hydroxyl, 


Action of sunlight mainly i : ammonia 
radicals, and cyanogen, as the spectra of the comets show, and are 
Soon converted in the tail to тоге durable molecules such as carbon 
Monoxide, carbon dioxide, and nitrogen. As the surface of the ices 
the nucleus is made increasingly gritty by the meteoric particles 
that remain, the evaporation is retarded, so that the comet may 
return to the sun many times before its material is completely dis 
“раге, 
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"N^ i © ices of the 
The meteoric particles originally embedded in the ice dme 
ve ET: are scatterc 
nucleus are released by the evaporation of the ices and are anaes 
= А The fanning out o 
along the comet's orbit as a meteor stream, The ek. 1 n in 
T е А > show 
material behind Comet Arend-Roland (1956 h) is dpa "ae icis 
Ses ares ты xil 27, 1957, 
the photograph at the left in Fig. 9-5, taken on A] is Иное to 
the plane of the material was Presented more nearly сове e 
: s jets о 
us. The earth had passed through the plane of the con 
on April 25. 


$ 4 x ical units from 
The light of a comet that is more than 3 astronomical t 


: - : — is then а 
the sun is almost entirely reflected sunlight; Ше spectrum ugh 
н enc 
faint replica of the solar spectrum. If the comet comes c lose mm 
5 Р E nesce 
to the sun to be spectacular, it glows mainly with lumi 


; і БЕ сота and tail. 
stimulated by action of sunlight in the gases of the coma i 
so that bright bands become 


lines of sodium and some 


spectrum of a comet th 
sun, 


à ew Bright 
prominent in the spectrum. м ‘he 
ia appear it 
Other metals may also ка! to the 
SC i roach 
at makes an unusually close approac 


MET 


ORS AND METEOR STREAMS 


; ; of 
M : | arlit sky inform us О 
Fhe trails of "shooting stars” across the starlit sky inf and 

: 5 stars | Meteors are stony an 
the flights of meteors through the ай. Meteors i 
metallic objects revolving 


еї ; eccome 
around the sun. ‘Those that b 
visible to the un 


мей. vat ID 
aided сус range generally from а ШИНЕ ie 
diameter to not larger than а goll ball. “They can be seen n s they 
only when they chance to plunge into our atmosphere, W наи short 
аге heated intensely by impact with the air molecules. In | ninous 
intervals while they are being consumed they produce ur mah 
trails. The brighter meteors sometimes leave dust trains that знан 
visible from а few seconds to generally not longer than half an 

while they may become twisted by air currents. 


oor ‘trails 
9:6. The Influx of Meteors, “The total number of meteor ' 15 
brighter than Visual Magnitude +5 over all the carth’s surface 


HN dije: x чой. 
determined by G. s, Hawkins as 90 million in a 24-hour per 
The meteors producing these tr 


earth’s mass, and the great m 
longing to recognized 
visible to 
night, 


ails add several tons a day to > 
jority are sporadic meteors, not 

meteor 
a single observer i lik 
In the morning we 
Carth, where we are 


Steams, "The frequency п i 
Ely to increase somewhat during } , 
TC оп the forward side of the revolving 
More exposed to the 
e in the rear 
from the meteors overtaking us 


X shercas 
incoming meteors, whe 
in the evening we 


^ xcept 
and are more protected exce] 
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The swiltness of the meteor flights in the air increases through 
the speeds of meteors in 
their highly eccentric orbits approach the parabolic 


the night. At our distance from the sun 


value of 26 
miles à second (7-11). Their speeds relative to the revoly ing earth 


The meteor was brighter than the 
багай is a Little way south of Capella 
Jr end of the trai «репа, 

The lelt enc 


early hallway between Algol and the Р 


Fic 9-6. Trail of a Brilliant Meteor. 


ы Venus, leiades 
1e mi . атай is n г rl 
anq wi E on М between Triangulum and the tangle of Aries. The 
t rio D Is и 
уай, leds the lower lelt corner. (Havard Observatory photograph) 
wees appear in the j 


DIN 1 > B r 
20 minus Iin miles a second for 
Me miles a se ww head- 
Neteors ҮТЕ кек s a second for head-on 


Ollisions, with a little added because of the earth's attraction, The 


XC) li from about 
“inely range 1 : 
A $ | us to 26 plus 181, 


Morning nieteois are heated more intensely in their swilter flights, 
2 sd ‹ МЕ: 

30 that they are brighter than the evening meteors. 

ч, Determining the Orbits of Meteors. When the same meteor 

Vail jy Observed {rom two stations several miles apart, it is possible 


to determine the distance ot the meteor Irom the stations. From 


4 


"s fli the 
i i - meteor’s flight 

" rection of the m 

rved а ar speed and directio he ahs Hn 
eee тй F ained, providing enough data for calcu к 
i elocity is then obtained, providir g enr зичро 
near velocity нх хр 
" he meteor's orbit around the sun. Earlier vis a i 
eed [ this purpose by the more precise. photogra] 
replaced for ) 
radar techniques. 


" r ations, 
rails from two statio 
d "à ] 'teor trails from 
The first effective photography of meteor 


interrupting 
; : ; s for interrupting 
employing cameras provided with rotating shutters fc vies ahve 
я : EE ; " acilitate > t 
the BM of the trails at regular intervals to pp га Ован 
255 "hi -ates at Harva s 
was initiated by Е. L. Whipple and associates at H 
а а y 


Fic. 9-7, 


Meteor Trail Interru 
The meteor's flight w 
closer 


5 2 Second. 
pted at Intervals of a Twentieth y pes aie 
а т гане 1 1 а 
as from left to right. The ae in Part away 

$ 2 + was then é 
together at the left because the meteor Siem Proti 
(Photograph from Harvard Observatory 1 


i a pair O 
š is program with a | 
atory in 1936. The later extension of this progr pes luced double 
“super-Schmidt” cameras in New Mexico has proc 


-ulation о 
. "ей e calcula 
photographs of more than 6000 meteor trails and the à 
many orbits of meteors, 


tion by P, M, Millm 


Pur r 
~e "as 3i ope 
Another pair of these cameras is 


'anada. 
; E n, Сапа 
an and associates north of 252 ciiin. of 
i Б rese ing the 
Meteor orbits so determined are ellipses resembling 
comets. Thus the me 


stem and 

teors were members of the solar system 
did not come from outside 
The meteor’s Speed b 
the meteor in this res 
with allow 
26 miles a second, the 
solar system. If the Speed is less th 
is a member of the system. 


the system. 


; of 
2 tus О 
i a ter e the sta 
У itself is enough to determin 
pect, 


ге, 
: atmospher 
If the speed on entering the atmos} 

ance for the 


(C eds 

Motion and attraction of the earth, рт 

meteor may have come from outsic sedi 

an this critical value, the иг 

The Speeds of more than 10,000 e o 

down to the 8th Visual Magnitude were determined by D. з 

McKinley at Ottawa from records of radio beams returned is 
the trails. In not a Single case Was the speed great enough to $ 

Best certainly that the meteor came from outside the system. 
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9-8. Meteor Streams and Showers. А meteor stream consists of 
many meteors revolving around the sun in about the same orbit, at 
least when they are in the earth's vicinity, A meteor shower occurs 
where the orbit of the stream : 
crosses the earth's orbit at either 
one or two points, and when- 
€ver part of the stream and the 
earth arrive together at an in- 
tersection. The shower occurs 
around the same date, cither an- 
nually if the stream is far ex- 
tended or at longer intervals 
for a short stream. Only rarely 
have the showers been spectac- 
ular enough to attract the at- 
tention of people who are not 


watching for them. 

The trails of the meteors in a 
Shower are directed away from 
à small area of the sky, the cen- 
ter of which is the radiant of the 
shower. Because the trails are i 
neatly parallel, they spread ӨШ. uus qup The Radiant ola Месо 
Over the sky from the radiant Shower. С 
(Fig. 9-8), just as the parallel 
rails of a track seem to diverge from a distant point. Showers of 
meteors and the streams that produce them are named from the 
Positions of the radiants among the constellations at the heights ot 
the displays, Examples are ma б and dhe Delta Aquavit, 

€ place of the radiant i$ shifted during the progress of a shower 
direction of its revolution, 


a 
S the earth changes the 


9.9, Major Showers of Meteors. The More abundant meteor 
Showers are listed in Table 9-1, which is taken. principally from 
More extended data by F. L. Whipple and G. s. Hawkins in the 
andbuch der Physik. Volume 52, 1959. The table gives in cach 
“ase the date of maximum display, in universa] time, the position 
as radiant, so that it jl be located in the star maps. and the 
~ © Of the parent comet. 
$ Eos Perseids provide m August the most familiar of the annual 
Ts; the display from this wide stream extends through two 


зерии? SYSTEM 
172 OTHER FEATURES OF THE SOLAR SYSI 


T. I ЛЕТЕ; E s! COMETS 
BLE 9 N OR SHOWERS AND ASSOCIATED 
^ Ш 


Maximum Жабаев Associated Comet 
| ТРА site a Ps) 
Shower | ee (Equinox of 1950) | (and notes 
(UT Date) | 
К.А. Decl. 

Quadrantids Jan. 3 15^ 20 1728 1861 I 

Lyrids Apr. 21 18 0 | +33 Hev(2) 

Eta Aquarids Мау 4 ® 28 E om d Aquarids) 
* Arictids June 8 2 56 +23 =н: 

*Zeta Perscids June 9 4 B +23 Suche: 

"Beta Taurids June 30 5 44 4219 a | ams) 
Delta Aquarids July 30 22 36 e uA Зен 

1 

Alpha Capricornids Aug. 1 20 36 = 19 1 5 rit 

Perscids Aug. 12 3 4 +58 ша bini-Zinner 
Draconids Oct 10 | 17 36 +54 on 

CMS +16 alley(? ч 

ан Ош : E JT Encke (two strcams) 
Andromedids t 5 | +27 Bicla їр 

Leonids 10 8 | +22 l'emple 

Geminid: | Dec. 14 7 32 | +32 ako 

Ursids (Ursa Minor) | | Dec, 22 13 44 ай siu А 
= 


* Shower in daytime 


" The 
| . ather bright. 
or three weeks and the trails are [requently rather. brig 
showers of the 
faithful of the 


Aquarids in | 


0 ost 
Orionids and Geminids are also among ue bet 
annual showers. The radiant given for е 
ate July is the mean of two radiants gend. © Both 
apart, and the same is true for the Taurids of November. 


cers ol 
7 H D OWCIS 
streams make second Crossings to produce the daytime sh 

the Arietids апа Beta T. 


ee : aurids, respectively. 
The Leonids and An 


«nre: d 
. xd fine showers : 
| i dromedids, which produced e . at the 
Intervals in the 19th century, have singe given only sprinkles 2 

" 7 udi xy : 
predicted times, Showe 


9 in 1933 ; 
and an 


n 
я yctobe 
aconids in the evenings of € 


s 
ent centur) 
St impressive of the present 
afternoon displ 


; n 
adar а 
ау on that date was recorded by irt ree 
x 5E 2s Ы " 59 1 
the Jodrell Bank Experimental Station in England, in 1952. jed 
Bele 56 corde! 
Previously unknown showers, listeq in the table, were also recor 


in the daytime at this Station. 
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. id Meteors During the Shower of October 9. 1946. The 
Fig. 9.9, Draconid Mc ring the I2minute exposure, while the stars were 
Came мах stttionary P Р daily circles around the pole. The meteor 
describing small ares v roel from the radiant in Draco. (Photographed 
Did кш ЕИ Nd Vanderbilt University) 

vy e - 


iacal Light. The triangular glow of the zodiacal 

D 10. The Zodia н dom up from the west horizon alter nightfall 

и “п ш есч dhe dist horizon belore dawn in iu 
| но У 

in i en jam latitudes, Broadest and brightest 


itt leaning toward the south, 


Ye autumn 
near the horizon 
V he glow is symmetrical 
conspicuous when the 


apers upward, Jn 
With the cipi and is accordingly most 
rale И tical. 
Cdiptic is most nearly ve he ecliptic 5 
Near the equator, where the ecliptic is 
ular to the horizon, the ч al light 
m ) have 
Wound, Here it is said t 


always nearly perpendic- 
сап be observed all year 
been seen as a faint, narrow band 
a The hight is sanity ight scattered b 
Encircling the skye d 5 mamly sunlight y 


Metcoric dust, which lorms a ring around the sun in the plane of 
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the earth’s orbit and is continually being replenished by piis - 
tion of comets. Near the sun the light is identified by a replica о 
sunlight in the spectrum of the corona. А Есе 

Opposite the sun’s position the zodiacal glow brightens ы. 
and widens into the gegenschein, or counterglow, which is ишу 
visible to the unaided eye in the best conditions as an oval spot 10 


Fic. 9-10. 


; їп 
ODER : Се ià Е spicuous 1 
The Zodiacal Light in the Evening. It is most conte f spring, 
the evening in middle northern latitudes around the M mien PAR 
" . ә * ar » ho " 
because the ecliptic is then most nearly perpendicular to the 


ee Pn : ; i : electric 
to 15° long. This spot is recorded effectively with the photo! 


E ! ery wideangle 
cell and is shown clearly in photographs with very wie 
Cameras, 


METEORITES AND METEORITE CRATERS 
4 | Pa y. 1492, 
9-11. Stones from the Sky. Near noon one day in November, s ice 
агч of stones came down in a field near Ensisheim, А " in 
he largest one, weigh; 5 in a Hore 
MBL one, Weighing 260 pounds, was placed in a chu 


à TS 3À Tz А atural 
that town; a smaller Stone is exhibited in the Chicago Natur? 
History Museum. х s on 


This ; [ meteorite: 
5 i This is the oldest observed fall of meteor! 
record, of which samples are still I ed 
- М ; reserved. arly 
, The idea that stones Гай from the sky goes back to very early 
d Thera úrra E © > 25 
times. There were stones Preserved in some of the ancient temple 
Гезе ; “u os from 
P celestia] Origin, and these "stones fro 2 
Feats of veneration, ty later times, however: а 
reports of stones falling the sky came to be regarded with 


us ere 
d to choose remote places where th 


that were doubtless of 
heaven” 


from 
suspicion. The stones seeme 
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were no reliable observers. It may be, too, that the accounts of ter- 
rified spectators of some of the falls were so exaggerated that no one 
could believe them. Finally, in April, 1803, a shower of two or 
three thousand stones fell at Laigle, France, and was reliably re- 
ported. Yet the news spread so slowly that when 300 pounds of 
meteorites came down near Weston, Connecticut, in December, 
1807, the first observed fall on record in the United States, many 
people were reluctant to believe that it was true. 


9-12. Falls of Meteorites. Meteorites are masses of stony or metallic 
material, or both, which survive their flights through the air and 
fall to the ground. ‘They arrive either singly or in many pieces. 
Several thousand individuals have come down in one fall, and in 
such cases are likely to be distributed over an elliptical area having 
its major axis several miles long in the direction of the flight. Al- 
though meteors are products of the disintegration of comets, many 
meteorites are believed to be fragments of shattered asteroids (8 - 16). 
"Their speeds greatly reduced by air resistance, most meteorites 
cool before they reach the ground. In their brief flights through the 
air the heat has not gone far into their cold interiors, and the melted 
material has been swept away in droplets from their surfaces. They 
are usually cool enough to be handled comfortably when they are 
picked up immediately after landing and they do not penetrate 
far into the ground. Larger meteorites are less impeded by the 
air; some very massive ones have struck at sudi high speeds that 
they have blasted out large craters in the earth's surface (9-15). 


9-13. The Meteorites Themselves arc essentially of two kinds, the 
stones (aerolites) and the irons (siderites). 1 һеге аге gradations 
between them (siderolites) from stones contuning flecks Gf nickel- 
iron to sponges of metal with SO fillings. Inside their varnish- 
like fusion crusts the stony meteorites are often gravish, h 


aving a 
ular structure that serves to су 


ablish their celestial 
» Chiefly silicates similar 
argest known e ample, 
1948, in Furnas County, 


characteristic gran 
origin. The rounded granules are crystalline 
to those in our native igneous rocks. The] 
Weighing at least a ton, fell on February ]g. 
Nebraska (Fig. 9-13). 

Tron meteorites ar 
are composed mainly of alloys of iron and nickel, which are affec ted 
by acid in various degrees. When they occur 
characteristic pattern ol intersecting b. 


silvery under their Ы 


ackened exteriors. They 


in crystal forms, д 
ands parallel to the faces of 
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i i itric aci a polished 
an octahedron may be etched with dilute nitric acid on a | 
section, 


Individuals [rom about 1600 falls have been recovered. They a 
generally named alter. the locality in which they were found; 
examples аге the Canyon Diablo, Arizona, meteorites and a 
Willamette, Oregon, meteorite. Collections are exhibited in thc 


Fic. 9:13, 


The Furna 
of the Institut 


h 

А 5 A tograp 

s County. Nebraska, Meteorite, (Official pho 

* of Meteoritics, University of New Mexico) 

lae Ni i Nat 

om te зшщ History Museum, the American Museum of 

ural History, New yo 

Micre нен. New York City, and many other places. 

i )meleoyites n \ ae 

when they Cortes are so Minute that they are not greatly 

space is bie: re “mosphere, [heir presence in interp qu 

sp: dicated by ih liacal lig 

© scatter i » zodiacal HE" 

(9-10). Metcoritic "ui. , *attered. sunlight of the x ctcoritic 

bodies themselves ei 55 also produced by the larger n arc 
1emselves either when th " 

ar ey 

partly melted to form droplets ind 


altered 
lanctary 


: isi or 
are crumbled by collision 

ле air 

9:14, The Large Iron Me 
Weighing more than 
the exceptions of 


Р es 
teorites, teor a 
wit 

and a 


‘ \bout $5 individual me 
aton are listed in 


the Furnas С s 
€ Furnas County Stone, two stony irons, 


! EL C, Leonard's catalog. 


Fi, 9-144. The Minighito Meteorite, 


(American Museum öf -Natural 
History, New York) 
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А ‘ir falls were 
2-ton iron individual from the 1947 Siberian lm ad rec 
on observed. All the others are trons; the two larges 
meteorite and the Ahnighito Hieieorites, : - wnpusd in dé 

The Hoba meteorite lies partly buried in the ai "upper sur- 
Grootfontein district, Southwest Africa. Its rectangu : a 3 feet: 
face measures 9 x 10 feet and its greatest йек 2-98 üret of 
its weight is unknown. The Ahnighito егер agin Green: 
three that the explorer R. E. Peary found near Cape ‘his meleoftis 
land, in 1894, and brought back to New York City. l E dun; 8H 
measures about 11 X 7 X 6 feet and weighs a ше um лаин 
tons (68,085 pounds); it is exhibited in the дапагкап гта ауе 
Hayden Planetarium. The Willamette meteorite, also in found in 
den Planetarium, weighs 15 tons, The largest олке Po nd 
the United States, this conical mass of nickel-iron was s kept 
in 1902, ten miles south of Portland, Oregon. It sub дї де 
the same orientation in its flight and was fashioned by wer and 
hot air. Some meteorites turned over and over as they fell 2 
were rounded in the air, han 10 tons, 

Three large iron meteorites, each weighing more се ns), the 
were found in Mexico, They are the Bacubirito e iss Morito 
Chupaderos (91 tons, in two pieces that fit together), an 


з * Mines in 
(1l tons). The last two are exhibited in the School of 
Mexico City. 


ө є > present century 
9:15. Two Siberian Falls of large meteorites in the prese 


ina 

> . > 30, 1908, in 
have attracted attention. The first occurred on June 3 
forested region of the Tun 


-al Siberia, deva- 
guska River in north central Siberia, 
stating an 


d with- 
area 20 or 30 miles in radius. The trees were — s 
out bark or branches and with their tops pointing away A: the 
center of the area, Many craters were formed near the э the 
largest one 150 feet in diameter. Although larger remnants € 
‘Tunguska Meteorite 


М ле 
зау s from tl 
have not been recovered, soil samples of 
region are found to 


| ic chips and spherules 
1 А contain microscopic chips and spl 
nickel-iron dust, 


The second fall occurred on February 12, 1947, on the — 
Spurs of the Sikhote-Alin Mounta , fore 
southeastern Siberia. The Meteorite broke into many pieces eo 
the fall and came down as an “iron rain” over a square mile. 
fragments produced a field of 


aters, thé 
Smaller holes and larger craters csti- 
largest one 90 feet in diameter, The field was strewn with an € 
mated 100 tons of meteoritic Material, 


Pacific coas 
ліп range near the Pacific 
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i "ar б iablo in 
9-16. The Barringer Meteorite Crater, nea emu Diabl е 
sri i i sssion 4200 feet across an 
E ii 15 à circular depression 42 

ortheastern Arizona, i din | 
370 feet deep. Its rim, which rises 130 fect above the acta 
570 fee : > W ys ЕШ 
lain, is composed of debris thrown out of the pit, from ce T 

dla 5 he 1 s: 
А t - blocks of limestone and sandstone weighing up to 7000 ton: 
dus 


apiece, 


HECE 


sri ora Arizona. 
ing: Ietcorite Crater... 
has quies decus гаи Fort Worth, Texas) 


(Photograph by John 


ter is a scar left by the fall of a great Rieke 

"his crater is а s к кен 

А ss than 50,000 years ago. The meteorite 

cai, have had a diameter of 200 fect 
to hi @ "i 

So massive that it w 


orite probably 
is estimated, at the 
m1 and а weight of a 
minimum, as only slightly ret 
nee не Te вайа mighty blow, 
nam, b. sn и ly fused the meteorite and the rocks in contact with it: 
collision gsm beoe explosively, scattering what was left of 
the ga а -— the surrounding country and blasting out the ет 
Thirty tons of meteoritic iron have been picked up within a r 
of 6 miles around the ere 1 he largest 
more than 1400 pounds, 15 exhibited in the 


arded by the 
Uhe imense heat ol the 


the 
ater, 
adius 
individual, weighing 
museum on the north 
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rim of the crater. Samplings indicate that the ges DE of 
crushed meteoritic material around the crater is - | iie койд 
Other craters and groups of craters їп various ane Gree: crater 
arc recognized to be of meteoritic origin, The i к 
in West Australia has a diameter of 2800 fect at the нв ssi "€ sus- 
depth of 160 feet. Among the very large MA ea ie 
pected of having metcoritic origin are the Ungava ci aus а наннан 
Quebec, the Brent and Holleford craters in Ontario, anc 
zane crater in southern Algeria, 


QUESTIONS ON Cuaprer 9 


Same three 

1. Give two reasons why Halley's comet is noteworthy. Name th 
other comets and mention an interesting feature of cach. | f comets? 

2. What is characteristic of the orbits of Jupiter's family o r -omets as 

3. Describe and explain some changes in the appearance of c 
they approach the sun. 

4. Account for the associ 
such association, 


А ап 
5. Meteors are likely to be swifter and brighter in the morning B 
in the evening sky, Explain. 
6. What is the 
system and have 


7. Explain. the 


gc 


ше one 
чу. State on 
ation of meteor streams and comets. 


» solar 
ч " ту of the sc 
evidence that most meteors are members 


not come in from outside it? > the separate 
radiant of a meteor shower. How are 
showers named? Give an example. iin uie zodiacal 
8. Why is spring the most favorable season for viewing 
light in the evening in middle northern ийыш Name ah антара 
9, Distinguish between two kinds of meteorites, Na - SEN 
Р " А ^ vehere i ау DC м r 
a large meteorite of either kind and state where it mav on 
" H А » i “ on. 
10. Describe a large metcorite crater and state its locati 


le of 
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10 
THE SUN WITH ITS SPOTS 


THE PHOTOSPHERE; SUNSPOTS — ТИЕ SUN'S ATMOS- 
PHERE — ECLIPSES OF THE SUN: THE CORONA 


The sun is the only star near enough to us for its features to be 
examined in detail. Our account ol the sun is accordingly asso- 
ciated both with the preceding desc riptions of the solar system and 
with those of the stars in the lollowing chapters. 


10-1. Observing the Sun. ‘The sun is too bright to be safely ob- 
served on a clear day without. protection of the eye from its lane. 
Viewed through a dark glass it appears as a disk about as large as 
the full moon, and as a perfectly blink disk generally to the cye 
alone. With the telescope the disk is enlarged and its features are 
revealed. It would be unwise, of course, to look directly through 
the telescope at the sun without a device for diverting most of the 
light апа heat which it concentrates at its focus. А convenient 
procedure is to let the telescope project the image on a smooth 
cardboard screen held back of the eyepiece. In this way many 
people can observe at the same time. | 

Photographic records of the sun's surface and its surroundings 
are obtained in a variety of ways. Fixed telescopes into which the 
sunlight is directed by coelostats have often been employed, 
permit the use of long-locus ёге that [orm large 
sun, Examples of suc h vertical telescopes are the 
60-foot towers of the Mount Wilson Observatory 


These 
Mages of the 


150-loot and the 


and the 70-foot 
and 50-foot towers of the MeMath-Hulbert Observatory, 


The solar telescope under constuction at the Kitt Peak National 

| i = 500 [ec A vx ` 

Observatory has a sloping tube 500 [ec lone that Is parallel to the 
earth's axis and three fi sround, X heliostat, 


ing plane mirror 80 inches in diameter will 
a 60-inch Concave 


{ths below the 
a rotat- 
reflect. the sunlight 
down the tube to mirror near the bottom, This 
mirror, having а 19 al length of 300 leet. will form an image of 


h s 2 the 
5: oe CS |. > 1 
sun averaging ЭЗ inches in diameter in the 


Observing 100m at the 
ground level. 
Isl 
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Fic. 10-1. The McM 


- ‚ University 
ath-Hulbert Observatory of the Ur 
Michigan, 


Photogr 


aphs of the sun 
tions, b 


alloons, and rocket 
telescopes are 


А > star 
oh-altitude 
and its spectrum from high-al 


radio 
: and га 

S are оү aw information, а 

are 8lving new 


ilable 
IN " availa 
providing data about the sun that аге not 
to Optical instruments, 
in 38 
10-2. The Structure of the Sun, 


H T 51 
In the ordinary view io earth’s 
4 gaseous globe 864,000 miles in diameter, or 109 times the 
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diameter. The sun has therefore 114 million times the volume of 
the earth; and since its mass is a third of a million times as great, it 
averages one fourth the earth's density, or 1.4 times the density of 
water. Its temperature increases from 10,000° F at its lowest visible 
level to many million degrees at the center, 

The photosphere, the visible surface, is mottled with brighter 
granulations and faculae and is often marked with darker sunspots. 
‘The gases above the photosphere constitute the suns atmosphere, 
The chromosphere, extending to the height of several thousand 
miles, is so named because of its color, which is imparted chiefly 
by the red glow of its hydrogen. It is normally the region where 
the spectacular solar flares are observed. The red prominences ap- 
pear above the chromosphere, at times attaining heights of many 
hundred thousand miles 


They are visible during total solar eclipses, 
and together with the inner corona are studied effectively with 
special devices at other times. The corona, the outermost solar en- 
velope, appears as a filmy halo of intricate structure. 
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10-3. The Photosphere is as far into the sun as we can sec, Here, 
where the pressure is only a hundredth of our air pressure at sca 
level, the gas becomes opaque. From this level the sunlight emerges, 
distributing energy equivalent to 5 x 102 horsepower to light and 
heat the members of the planetary system. Each square yard con- 
tributes 70,000 horsepower. The sun has been pouring out energy 
at this great rate for at least a billion years, during all the geological 
ages, and is expected to continue to do so for sever, 
in the future. 

The temperature of the photosphere av Crages 


al billion years 


сазы 50° on the abso. 
lute centigrade scale, or less than 10,000 F. lt is somewhat higher 
near the center of the disk, where we look in dire, th, 
to 8000° F near the edge, where our slanting view 
higher and cooler levels. Thus the sunlight from 
bright and redder than from the center о the disk, 

Vhrough the telescope the Photosphere 
pearance. Bright granules a few h 
considerable part of the surface: 


and is reduced 
is obstructed at 
the edge is less 


presents a mottled ap- 


Undred miles in diameter cover a 

t B are r 1 

~ Mev are hotter spots in the seething 

furnace formed by gases coming D ; 
\ g Each granule lasts 


temperature ol its Sur- 


Irom below. 
| Cools to the 
arger bright spots, the faculae 


only a few minutes betore it 


roundings. I 
» аге often conspicuous 
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Fic. 10-3. The 
Balloon. 


L м 
ET fr Unmanncc 

Sun Photographed August 17, 1957, ipods a special 

Photograph from an altitude exceeding 80,000 fec 

I2-inch P 


rtin Schwarzs- 
TN ; MM Martin Sc 
erkin-Elmer telescope in a project directed by M 

child, P. " 


В oy poration) 
rinceton Universi (Courtesy of Perkin-Elmer Сот} 


» disk. 
; T е of the d 
against the less luminous background near the edge 

> oreater interest. 
Dark spots on the sun have held the greater interes 


SOR саз with 
10-4. Sunspots in Groups. Sunspots appear dark in iino bid 
the brighter Seneral surface of the sun, They range in | > bright 
specks scarcely distinguishable from the spaces between zu They 
granules to the Breat spots visible without the telescopes darker 
usually consist of two distinct parts: the umbra, the inner, 8" m 
part which is often divided, and the lighter penumbra ies 
Sunspots occur in BrOups; where a single spot is seen, it 15 | ve 
a group, д normal group develops Си t rger 
à week and then begins to decline, Two principal spots grow 5 
than the others which form Mostly between them. The preceé 1 
spot in the direction of the sun’s rotation frequently becomes as 
larger of the two. The following Spot is the largest of the pom 
in the rear. It subdivides and Vanishes along with the smaller 5р 
until only the preceding i 


‘ ; аг. There 
Spot is left to shrink and disappear. 
are exceptions to this pattern. 


to be a survivor of 
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к AN ss "ared carly 

s ever recorded (Fig. 10-4) appeared c 

> Taree roups ever recorded (Fig is 
Jne of the largest g A кек өлай lots ит 
ce ad lasted more than 3 months, an exceptionally | E E 

in 1946 and la: 1 iles and the area 

ne The group attained the length of 200,000 miles 

tion. ео а 


february 4, 1946. Ап exceptionally large 
The Sun, February 4, 

dp dde e above the center of the disk. (Mount 1 ilson 

sunspots appears 4 ves eder 


group of 
Observa- 


Аы iles. Its largest spot, 
57 illion square mt : ; 

i ie oak ун 90,000 by 60,000 miles, 

following spot, webpage d 

group (Fig. 10:3) appearec 


in. this сазе the 


A Slightly larger 


). The Sun’s tion is shown by th 
; Rota 
0.5. he Sur 


gradual movement. of 
oss its disk. The spots come 
sunspots across 


into view at the 
Western edge il 


istern 
they last 
another 


isappear two weeks later at the 
ee ODE | may reappear at the caste п edge after two 
that "esi jc the sun's equator is inclined 7° to the plane of 
IN Алын) the paths of the Spots across the disk are generally 
the eredi de is greatest carly jy March, when the sun’s south 
meri ead us, and again сапу in September, when its north 
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pole is toward us. The axis of the sun’s rotation is directed toward 
a point in the heavens midway between Polaris and Vega. 

Unlike the earth which rotates in the same period in all latitudes, 
the rotation period of the gascous sun is longer as the distance from 


MAR.S 


MARS 


MAR.IS. 


МАВ 14 APR 


Fic. 10.5, S 
с ?. Sunspots $ ч Tm í Е 
lasted for more than 3 m5 Sun's Rotation. The large 
^ 18, 


MARIS i 
APR 12 


Photographs) 


Its equator is orea S 
ШЫЛ, x voiles Kin near the equator, which survive Jong 
rbd ia a en in 25 days, although they seem e 
ihe ss я кн NEM. s Ase the earth has revoly ed partway атои; 
rare] К At 85° trom ifie equator, beyond wien 
latitude 75° the Dop : Lr кз ae 
i ‹ pler effect in t 
receding edges shows that the per 


the Sunspots are 
true period is 27 days. 
he spectra ol the approaching 
lod has increased to 35 days. 


and 
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10-6. The Sunspot Number Cycle. In some years the sun's disk 
is seldom free from spots, whereas in other years it may remain 
unspotted [or several days in succession. Sunspot groups vary in 
number in a roughly periodic manner, a variation first announced 


i 3 аре, an amateur astr Y in Germany, T 
in 1813 by Schwabe, an amateur astronomer in G y The 


intervals between the times of maximum spottedness have averaged 
11.1 years, but for the past half-century have been more nearly 10 
ye The numbers ol groups at the different maxima are not the 
same. The rise to maximum is faster than the decline. 


Sea Г 


NUMBER ОЕ SUNSPOT GROUPS OBSERVED | 
аы! YEARLY 


600 


—— — | 

m 1915 1920 1925 1930 1935 1940 1945 1950 1955 1960 
ы 5; треб t Number Cycle. The point for each year represents 
iat pe T 75 observed during the year. "The curve shows the 
the number of § А 


riodic variation in the numbers. (From data by Mount W 
roughly perio O bieriidtory) 


ilson 


maximum, which occurred in 1958, was the highest 
number of groups, but the groups and individu 


The latest 
on record in А 
га F aller 
were generally smi | enm 
1 eg inimum occurred early in 1954, and the 
atest mi _ 
1964. 


Е al spots 
than at the maximum around 19048, The 


Next minimum 
ресей in 
would be expected i 


10-7. The Shifting Sunspot. Lones, Sunspots 
between latitudes 5° and 30° north anq south ¢ 
very few have as yet been reported beyond 45° 
time they are likely to 2ppear in. two rather n 

b As spots Vanish 


are confined mainly 
of the sun's equator: 
+ М. any particular 
arrow zones equidis. 
tant from the equator. 25 and others appear, 
shift toward the equator in Cycles that par 


cycles. 


the zones 
allel the sunspot number 
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About a year before sunspot minimum, small spots Lies e dii 
the higher latitudes. Thereafter, the two zones ol spot деп ' de А 
in toward the equator, and when the next minimum is puce s 
few surviving members of the fading cycle are scen aroun ; : à i nt 
5°. Meanwhile some spots of the new cycle have already TR 
visible in the higher latitudes. Thus at the minimum of К t & 
Mount Wilson observers recorded 15 groups near the equator an 
31 groups of the new cycle. 

The cause of the one-way 
cause of the number cycle 


vor is i 9 sunspots аге 
not as yet known. Nor is it clearly understood why suns} 


d ; ; ; ` beginning of 
magnetic, and why their magnetism reverses with the beginning 
each new cycle. 


х s, like the 
shifting of the spot zones, E ie i 
and indeed of the spots themsclves, 


10-8. Sunspots Are Magnetic, 
focused on the slit of 


spectrum appear split 


suns is 

When the image of a hai 4 

i J a 

а spectroscope, the dark lines of the к 
into two ог more parts (Fig. 10:8). 


vi D-58250. 704 


aa = - Serer 

* ^ Же; splittin 
Fic. 10-8. Zeeman Effect in the Sunspot Spectrum. The io ме 
of the dark lines is emphasized by a device which ver cunis Е zigzag 
the violet and red components of the lines. Thus the lines " 
appearance. (Mount Wilson Observatory photograph) 


8 
25 


Zeeman effect, kno 
covered it in the | 
lines where the 5 
The effect in th 


wn by the name of the Dutch physicist d 
aboratory, in 1896, is the splitting of the iw nét: 
ource of the light is in the field of a song vica 
© sunspot Spectrum shows that the spot is magn 

als its polarity 
agnet is toward us, 
Most Sunspot groups are bipolar: their two principal spots hae 
Opposite polarities which conform to the following rule: During а 
particular cycle the preceding Spots in the sun's northern hemi- 
Sphere have their positive poles toward us, and the following spo 
: In the Southern hemisphere the preceding 
Spots present their negative Magnetic poles, and the following spots 
their positive poles, 


and also reve: 


ae - negative pole 
—whether the positive or negative | 
of the m 


their negative poles, 


RE 189 
THE SUN'S ATMOSPHERE 


Y remarkable feature of sunspot magnetism is on Shi ae 
ee he pattern with the appearance of the SIOUps of t bi 3 
oie ki i His A). The preceding spots in the northern hemisphere 
oen M cds their negative poles, and so on. Шы id 
Maud: Wilson astronomers around the sunspot DE Бе 
this reversal of polarities has been observed at each st g 
gs sun's magnetism is being studied by H. W. and H. D. Bab- 


А А С melometer, 
i ir effective scanning device, the mag 
эск by means of their effec f 
cock ans 


N N 


ОФ eo 
OO ОФ 


S S 


[ Polarities of Sunspots with the Beginning of a 
Fic. 10-8A. cce sence preceding and following spots of 
3 The circle: З 
New Cycle. Тһе 


groups 
in the two hemispheres. 


PS А А 
eg ld, as they assumec, has two components: (1) Pol 
The neral field, as у ; үн с 
ЕҢ jie | site polarity around the two pole : these reve 
fields of oppos ) 


ar 
nsed sien 
прег maximum in 1958. (2) Ring:shaped fields 
at the sunspot nur 's equator have opposite ficld direction 
parallel to the P: ia toward the equator in 
ise E кууз at sunspot minimum 
cycle. ‘They a 


in the 
the sunspot 
by new rings of 
These fields are 
masnetohydrodynamic 
above the 


: irections in the higher mid-latitudes, 
Opposite direc is for tentative 


renie Da 
serving as a convenient I 


int retations ol observed features at and solar surface. 
interpreta 
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А The Spectrum of Sunlight, as i, į; observed y isually, is an 
*9. The Hone rp 

* E dis violet to red, which ij interrupte, 

"Olors : 

à a Hes The lines are not seen in the 
ark lines. They cee а eg а 

formed by the prism alone. They require the selectivity given by the 


e prism and, ac ар sense a. : io 
Narrow slit before the pt l, accorc ingly, were not disc overed 


array 
d by thousands of 
rainbow or in the spectrum 
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until the slit was used. The German optician Fraunhofer was the 
first, in 1814, to see them clearly; he mapped sev eral hundred dark 


ШТ 
ШШШ 


4 


Fic. 10:9. Parts » Visi 
13-foot р 00 bible Solar Spectrum. (Photographed with the 
. t Wilson and Palomar Observatories) 

lines and labeled them with 

of the spectrum. The lines 
assigned them. 

The dark lines are im 

wavelengths that are dar 


Roman letters beginning at the red end 
“Fe still known by the letters which he 


idm at the slit of the spectroscope at the 
ened in the sunlight; these are abstracted 
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from the continuous light of the photosphere mainly by eases of the 
different chemical elements in the sun's atmosphere. The strongest 
solar lines are the Fraunhofer Н and К of calcium near the violet 
end of the visible spectrum. There are also telluric bands—groups 
of lines abstracted from the sunlight by molecules of the earth’s 
atmosphere. The B band formed by terrestrial oxygen molecules is 
prominent in Fig. 10:9. The separate lines of the solar spectrum 
itself are produced by atoms of the different elements in the sun’s at- 
mosphere, which cannot generally combine into molecules at that 
high temperature. 

The wavelengths of the lines are expressed in angstroms, abbre- 
viated A; one angstrom is 10—5 centimeter, The visible region of 
the solar spectrum is between 3900 and 7600 А. Some conspicuous 
lines and bands are the following: 


Fraunhofer 
Letter Wavelength Identification 

A 7594 A oxygen (telluric ) 
B 6867 oxygen (telluric ) 
[el 6563 hydrogen 
D 5893 sodium (double) 
E 5270 iron 
F 4861 hydrogen 
H 3968 calcium 
K 3934 calcium 


The ultraviolet region of the solar spectrum can be photographed 
ordinarily as far as 2900 A, beyond which it is hidden by absorption 
of ozone and other constituents of our atmosphere, Features nee 
extreme ultraviolet spectrum are being recorded from phew 
the absorbing levels. Shortward from 1700 A the tiene dee 
lines become so crowded that they disappear, Only the bright tienes 
of the chromosphere are then recorded, and by lar 
of these is the alpha line of the Lyman series ©! 
infrared region has been mapped by photogr 
as far as 200,000 A. Here the solar lines 


by broad telluric bands. 


above 


the brightest 
I hydrogen. The 
phy and other means 
are frequently obscured 


10-10. Chemical Elements in the Sun, More than 60 che 
elements are recognized in the Sun's atmosphere. "They have been 
identified by comparing their laboratory Spectra with the line: s 
the solar spectrum. Some unrecognized elements 
expected to make much impression there 


mical 


s in 
would not be 
| and some have not had 
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500 600 700 800 


1600 1700 1800 


400 * 1500 
Fic. 10-94, 


arch 3, 
;aphed, Marc 
Ultraviolet Spectrum of the Sun. Photograp. 
1959, from a 


US. 
жэ Official 
Naval Research Laboratory Acrobee rocket. ( 
Navy photograph) 
able 
- dependab 
; valine gh for de} | 
their laboratory spectra determined well sg at their strongest 
comparisons Some inert gases and halogens P practically all 
lines in the far ultraviolet. The conclusion is that | 
à : rese i > sun. 
the chemical elements are present in the 


issociated 

sed of dissoc 
The hot gases of the sun are generally composed 
atoms. The molec 
their dar 


and the 
cooler 
gether 


sell by 
8 recognized as we y 

ules of 18 compounds are recognize 
k bands in the spei 


hydrides of calciun 
areas of Sunspots, 


А Ti le 
iti n OXIC 
стат. Examples are pem cm 
ic “cu 
р əsi which occ 
1 and magnesium, ТЕ КОШ d 
Only a few hardy compounds 


above the Unspotteq regions. 


, sphere. 
'ogen i i > sun's atmos] 
Hydrogen is the most abundant clement in the st ата dn: he 
and helium is second, hese two elements also predom * pide 
sun's interior, in the Stars, and in the universe generally. y 
contributes about 55 per 


cent of 
helium 44 per cent, and the he 
ceptions to these Proportions o, 


ic material, 
the mass of the cosmic mate te 
» remainder. E? 

àvier elements the remaind 


г smaller 
“cur in the earth and other sm 


bodies from which most o the 


lighter gases have escaped. 
10-11. The Chromosphere Р" 


ррег 
disk of the moon w 


ark 
‘TS as а red fringe around the d 
hen ii com] 


iere at 
pletely conceals the photospher 
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the time of total solar eclipse. On these occasions the bright-line 
spectrum of the chromosphere can be observed; it is also known as 
the flash spectrum, because it flashes into view in the spectroscope 
near the beginning of the total eclipse, replacing the dark lines of 
the ordinary solar spectrum. ‘The red Fraunhofer С line gives its 
color to the chromosphere and the prominences above it. 

As it is photographed with a slitless spectroscope near the be- 
ginning or end ol total solar eclipse, the flash spectrum (Fig. 10-1 1) 
appears as а succession of images of the narrow crescent of the 
chromosphere left uncovered by the moon. The different lengths 


Fic. 10-11. The Spectrum of the Chromosphere. Te r of long cres- 

cents at the left are the H and K lines of calcium. Projections to the right 

of the crescents are prominences. Breaks in the crescents are caused by 

irregularities in the moon’s surface. (Mount Wilson Observatory photo- 
graph) 


of the crescents show that some of the chemical elements which 


are effective to greater heights above the photosphere 


produce them Е З d 
Hydrogen, calcium, and helium give the longest 


than are others. 
images. 

‘The strong helium i ' 
nent was discovered in the sun before it 


lines of the flash spectrum, by which this 


useful cle: ? Е i Was recognized 
on the earth, are almost entirely missing in the dark-line solar 


ide fr his and some other explainable 
spectrum. Aside from t pliinable 


exceptions, 
spectra are sim- 


1% emits the same nattern 


the chromospheric and ordinary solar 


the lines of lumi 
rule that a luminous o; 


ilar, illustrating the ^ ^ 
at it absorbs [rom que Г 
of wavelengths that 1t absor ight passing through it, 


10-19. The Chromosphere Outside Eclipse. Much of our knowl 
features of the 


edge of the exterior sun is being obtained 
1 the sun 


il apparatus wher 1% uneclipsed, Examples are the 
spectroheliograph and the coronagraph. The latter is ellective at 
high altitudes where purer and thinner air produce 
the edge of the sun. such instruments arc in operation on the Pic 
du Midi in the French Pyrenees and at sever 


with 


speci 


s less glare around 


al other mountain ob- 
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servatories, including the high altitude stations at Climax, Colorado, 
and on Sacramento Peak in New Mexico. Een 
The spectroheliograph is an attachment to the telescope 1 " 
to record the chromosphere over the whole disk of the "od eR 
adaptation of the spectroscope, it is a device for г ei 
sun in the light of a single line of the spectrum, and jun one 
the chemical element in the sun's atmosphere that produces | : 
chosen line. We will understand that the "dark" lines are dat 


Fic. 10-19. 


jograms 
Ж 1 spectroheliogral 
The Sun in Calcium and Hydrogen Light. Spe ч Mie ҮЕ. 
1 ҮС uu b 
taken with the K line of calcium (left) and the red hydroge 
(Mount Wilson Observatory photographs) 


ctrumz 
by contrast with the brighter background of the resi s ies e 
they contain the weaker light of the chromosphere, which э un ium 
in the photograph, or spectroheliogram. ‘The K line S е the 
and the C line of hydrogen are the ones generally usec 
purpose. 
Photographs of th 
flocculi. Where th 
other active ce 


«s 1 У > bright 
e chromosphere (Fig. 10:12) show the g 


and 
“se are bunched around sunspot groups и 
nters, they are known as plages. Photographs beyon 
the edge of the sun show the i 
from which bright spicules kee 
upper surface. Each spicule Teaches a height of about 10” above 
the edge and soon vanishes, 


A aver 
2m Pera orm laye 
chromosphere as a fairly unif 


i mni a orass-like 
р emerging, forming а g! 


Monochromatic filters are also employed to transmit a very nar- 
row range of wavelength : 


M. ре 
| of the Sunlight. The polarizing mon А 
chromator is an example; the filter here may be a succession О 
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polaroid sheets a evices are effective in 
% g ar heets. Such devic 
quartz cry tal and I 


ee r prominences outside eclipse. 
viewing the solar prominences outs 1 


А ame-like beyond the chro- 
10-13. The Solar Prominences appcar flame-like bey Mesi 
113. Б 5 ir vivid red in striking con- 
here during total solar eclipse, their vivid red g 
mosp еге o 


с à lotographs in 
t ith the white glow ol the corona. In the p! gra] h 
trast w ò 


› inence, June 28, 1945. (Photographed by Walter 
Fic. 10-13. Solar con Altitude Observatory, Climax, Colorado) 
Orr Roberts, High ¢ 


en outside eclipse they often appear as lone dark 


hydrogen light tak he brighter background of the 
the t 


chi omosphere. 


filaments agains rried beyond the disk by the sun's rotation, 


е кайр жү? М 
Where they are ашы the sky. The prominences can 
ai ) > : 

ч | ydrogen or calcium light, or 
graphed in their Пу a So Eflective i 
T ith the spectrohelioscope. mecuve studie 
rectly with at the McMath-Hulbert Obsery 


atory and at high 
lti ations in America and Europe in successions of photo- 
PUE SE tion picture film, 


lhe projections of the 
graphs taken on топот ў proj 

me $ 1 very instructive portray 
give dramatic and Vel} ) 
s are of 


they 

be photo- 
А MA right И à 
appear brig Cin be viewed di- 
s of their behavior 
have been made 


films 
als of their activities, 
É се the active ty эе; ‚у originate hijo 
Most. prominence j ve type; they д high 
I | hromosphere and pour their streamers down into it. 
above the ¢ m Я 
Quiescent prominences аге the least active and h 


ave the longest 
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* = ive г iu 
A i t common form is the “haystack.” Er не Lain? 
ee g the rarer types. These rise from active inei 
et зы Шып би attaining high speeds € qnie df pee 
ав they vanish. А prominence of 1938 ч | ле " a distance 
miles a second. A prominence of June 4, ы ы К 
of more than a million miles above the sun’s surface. 


3 in the 
" ierally in 
10:14. Solar Flares are remarkable outbursts ge! lar polarity. 
ч i ; of irregula І 
vicinities of large and active sunspot groups of — E alar бх 
5 1 atic 
Viewed with the spectrohelioscope or monochroma 


Fic. 10-14, 
heliograms showing 
(Photographed by 


ren spectro- 
A Solar Flare, May 10, 1949. A series of iret Pn indi 
development of the flare. Universal. poche nn 
Helen W. Dodson, McMath-Hulbert $ 
appear as brilliant 
smaller fl 
ones whi 


ae ary. from 
areas of the chromosphere. ‘They ш е 
ares of a fey minutes’ duration to more teense KA bright- 
ch require UP to 15 minutes to attain their ше ge et 
ness, and then disappear in an hour or more. They cdi vhs 
attributed to masses of slowing gas brought up from не ed ob- 
photosphere in the wakes of upheavals whch cause the bursts 
served with radio telescopes, siderable 
These hot gases emerge €xplosively and rise to apace 
heights. The first report of their rapid ascent was given by raphs 
Dodson at the Mc Math-Hulbert Observatory from her oe 
with a motion picture camera. The flare ol Мау В; 1900 Ж 450 
edge of the disk rose in the first minute of its life at the rate of 4 
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miles a second, comparable with the speeds of some eruptive prom- 
inences, and continued to the height of 30,000 miles. 


10-15. The Radio Sun. The reception of noise from the sun was 
first detected, in 1942, by radar defense stations in Great Britain, 
where the source of the disturbance was traced to a large spot group 
near the central meridian of the sun, This accidental discovery 
provided a new means of studying the sun, which is being utilized 
with radio telescopes in various parts of the world. The radio 
emission is produced by the interactions of fast-moving electrified 
particles from below with the exterior gases; it is strongest at wave- 
lengths of 1 to 10 meters, where it originates at different levels of 
the corona, and is weakest at centimeter ranges, from the lower 
chromosphere. 

With the shorter wavelengths the Australian radio astronomers 
have devised apparatus for rapidly scanning the whole disk. "They 
record bright spots which are generally a 
spot groups. but may last much longer than do the spots. From 
in the ycars when sunspots are s 


ociated with visible sun 


rce, the radio emis- 


the quiet sun, паша; 
ngth, which is fairly constant. 


sion has its least stre 

From the active sun, when sunspots are numerous, bursts of ir- 
regular and much greater strength are superposed. The explana- 
A they occur and of their relation to the visible flares are 
Т: р. Wild in Australia suggests that the upheaval 
uces clouds of particles moving outward at a sixth 
when they reach the corona in seconds, they 


tions of how 
still tentative. 
in the зип produce 
the speed of light; ney Rene í i 
produce the radio flashes of a few seconds’ duration. The follow 
ing shock wave may Sy Brees numbers of trapped particles into 
the corona at the rate of 1000 miles a second, where they cause a 
radio outburst lasting тот 10 to 20 minutes, 

10-16. Terrestrial Associations. The appearance 


of ап intense 
to be soon followed by 


a deter loration of om 


solar flare is likely : 
a the higher Irequencies 


radio communications 1 : Powerful ultra. 
violet radiations [rom the flare Urive with visible evidence of th ` 
flare itself, and the very swilt particles which cause the radio flas} s 
from the corona reach the Carth less than an hour later: en 
disrupt ionized layers О! the upper atmosphere, which normally 
keep reflecting our own radio beams back to the ground (1-14), 


Less swift electrified partic les from the upheaval in the sun arrive 
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here about a day after the solar flare was observed, and after the 
particles have produced the outburst of radio emission in their 
passage through the corona. They then excite the gases of our 
upper atmosphere and set them glowing in an auroral display (1-19). 
The appearance of the aurora is generally accompanied by un- 
usual gyrations of the magnetic compass, which inform us that a 
geomagnetic storm is in progress, 


ECLIPSES OF THE SUN: THE CORONA 


10-17. The Moon's Shadow on the Earth. An eclipse of the sun 
occurs when the moon passes directly between the sun and the earth, 
screening part or all of the sun's disk, The earth is then partly 
darkened by the moon's shadow, 


Fic. 10-17. Path of 4 
an easterly dire 
observer in the 


| | Е | : ves in 
А Total Solar Eclipse. The moon's shadow move n 
Поп over the е = 


1 M 9 W 
arth’s surface. The eclipse is total te 
umbr: 


over th а га. 
а, and is partial in the larger area of the penumb 
Ihe average length of the 


umbra of the moon's shadow is 239.000 


miles, which is 9 ‚ 
E es, which is 3000 miles less than the average distance of the moon 
rom the earth’s Surface, In the i * ach 


the earth's surface: the fa 
the Eccentricity of the moon's 
earth’s orbit around the sun, 

and the earth is also Ї 
moon's shadow 


average the umbra does not re i 
эз : » : wr Be? € 
at it often does reach is because 
rh; е 
orbit around the earth and of t 


Р ; earth 
When the moon is nearest the cart! 
arthest from the sun 


а ће conical umbra of the 
falls on the earth 18,000 


miles inside its apex. 
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10-18. Total and Annular Eclipses. A total eclipse of the sun 
occurs when the umbra of the moon's shadow extends to the earth's 
surface. The area encompassed by the umbra rarely exceeds 150 
miles in diameter when the sun is 
overhead, and is generally smaller, 
‘The observer within the area sees 
the dark circle of the moon com- 
pletely hiding the sun’s disk. 

An annular eclipse occurs when 
the umbra is directed toward the 
earth but is too short to reach it. 
Within a small area of the earth's 
surface the moon is seen nearly 
centrally projected upon the disk Fic. 10-18. _ Annular Eclipse of 
of the sun, but the moon appears the Sun. The досие of the 
slightly the smaller of the two, се reach 
So that a ring, or annulus, of the 
Annular eclipses are 20 per cent 


sun's disk remains uncovered. 


more frequent than total eclipses. 
Around the small area of the earth from which the eclipse appears 


some 2000 to 3000 miles in radius, 


total or annular is the larger ar 


Fig. 10-18\, Annular Solar ae September 1. 1051. Immediately 
before (left) апа after (right) the beginning of the annular phase. The 


ia › 
sun was near the horizon. (7 hotographs by Lue Secretan) 


Which is covered by the penumbra ol the shadow, Iere a Partial 
eclipse is visible, and the fraction of the sun that is hidden decreases 
as i suere distancë [rom thio -contee 1 2 pe 

the observer's dist he center is greater. Eclipses are 


entire artial where the axis of the sh; a ; 
ly partial wh he shadow is directed slightly to 
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inceec ar T 1 » 1 
one side of the earth. All total and annular eclipses are precedec 
and followed by partial phases. 


The rev ion of the 
10-19. The Path of the Moon's Shadow. The revoluti iie 
> average rate 
moon causes its shadow to sweep eastward at the aver g : n 
i ati vard the ea: 
2100 miles an hour. Because the earth is rotating towarc 


T 


SENA S S ES 


Ep 
Y 
XS S d 


s 


г ra of 
Fic. 10-19. Path of Total Solar Eclipse of June 30, 1954. 3 he darles 
the moon's shadow touched the earth in Nebraska and left it in E 
India, (From the American Ephemeris and Nautical Almanac) 
at the rate of 1040 miles an hour at the equator, the speed Sin 
shadow over the surface is 1060 miles an hour at the equator ^ ids 
the sun is overhead. The effective speed becomes greater with 


t м Фе slower, and 
creasing distance from the equator, where the rotation is slower, 
may reach as much as 


s is near the 
А 5000 miles an hour when the sun is ne 
horizon, 
Considering its hi hs at the umbra 
Spe small area. ave see that the 
lark 8 OR Peed and small arca, we sec i tk 
can darken any part of į ath for only a short time. “The gre: 


‚ " ace can 
Solar eclipse at a particular place be 
scarcely exceed 7% minutes, anq that of annular eclipse can be оп y 


a little greater. The partia 
eclipse may have a duration 
to end, but is usually 


; ithe ре of 
al Phase accompanying either typ 


inning 
ОГ more than 4 hours Irom beginning 
much less. 


The path of total eclipse, or of annular eclipse, is the narrow 
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track of the darkest part of the shadow over the earth's surface, from 
the time it first touches the earth at sunrise until it departs at sun- 
set. Meanwhile the penumbra moves over the larger surrounding 
region in which the eclipse is only partial. Occasionally the umbra 
is long enough to reach the earth at the middle of its path but at 
the beginning and end fails to extend to the surface. In this event 
the eclipse is total around the middle of the day and is otherwise 


annular. 


10-20. Eclipse Scasons. In order to eclipse the sun, the moon must 
be almost directly between the sun and the earth. This condition 
is not fulfilled every time the moon arrives at its new phase, because 


yz line of nodes 
aN toward sun 


Jine of nodes 
not toward sun 


e Seasons. Because the moon's orbit is inclined about 
arth’s orbit, eclipses can occur only 

sun is near the line of nodes of i 
as at à, the moon does not 


Fig. 10-20. Eclips 
5° to the plane of the © 
Seasons, as at b, when the 


At other times in the year. 3 pass between the 
er times I ш 
earth and the sun or into the earth's shadow, 


at two Opposite 
1€ moon's path, 


around the heavens is inclined 5° 


the moon's path ч to the ecliptic. 
more likely to p 


Thus the new moon is : ass north or south of the sun. 

Eclipses occur during two ec lipse seasons around the times when 
the sun is passing the two opposite nodes of the moon's path. Owing 
to the rapid westward shifting of the nodes along the ecliptic (6-7), 
these seasons come about half à month earlier in the calendar from 
year to year; їп 1960 they were around March and September. The 
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. TE tween 
length of the eclipse year is 316.6 days, which is the age rs oe 
two successive returns of the sun to the same noc " he same node 
first season is early in the year, another season around the s: 
may begin before the end of the year, оАо OF 
Each solar eclipse season lasts a little more t t Е ei 
somewhat more than the month of the moon’s phases. lo so twic 
interval the moon becomes new at least once, and may : о А Ач. 
Two eclipses of the sun are accordingly inevitable ш tcs 'ddi- 
near each node. Five may occur, two near each node and : 
tional eclipse if the sun comes around 


1 H D re 
again to the first node belo : 
d | re bral eclipses 
the year ends. Similarly, it can be shown that three um h a whole 
| ible i f year, г ugh 4 
of the moon are possible in the course of the year, althoug 
year may pass without a single one, 


10-21. Predictions of Solar Eclipses. 
eclipses, of when they will occur and w 


о in ad- 
8 ` М а acs а year or two 1n 
published in various astronomical almanacs a year ‹ 

vance. Tracks of tota] sol 


= ‘ance are 
ar eclipses for several years in ыы. 
published in the U.S, Naval Observatory Circulars. pele be 
mate times and places of eclipses from 1208 в.с. to € aet 
found in Oppolzer's Canon der Finsternisse, which a y ren 
maps showing the tracks of total and annular solar ёл etm of 
The predictions of eclipses are made possible Бу i by а rela 
the motions of the earth апа moon. They arc facilitated by 
tion between the 


ictions ar 
Accurate predictions of х E 
е + sot TET 
chere they will be visible, 


993 
is equal to == 
f the same scries are repeated. It is equ 


; moon, and node are nearly the gets 
p Uds is about one diameter west of its former р нет 
соса noder the Paths of the eclipses of a series are p Пу 
TUM progressively in latitude, being shifted graduat) 


А > ps and 
from pole to pole until the Shadow fails to touch the earth 
the Particular series is Completed 


The third of a day in the sar 
eclipse to be displac 
earth with respect t 
years 


ch 
05 period causes the path of {ше 
ude a third of the way around 54 
cessor, After 9 intervals, abou" a 
“urns to about the same region 2 


ed in longit 
О its prede 


and a month, the path r 


before, 
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Torar Sorar ECLIPSES 


Duration 

Date (minutes) Region 
1961, Feb. 15 3 Zurope, Siberia 
1962, Feb. 5 4 zast Indies 
1963, July 20 2 Alaska, Canada 
1965, May 30 5 New Zealand, Peru 
1966, Nov. 12 2 South America, South Africa 
1970, Mar. 7 3 Mexico, Florida, Georgia, Carolinas 
1972, July 10 3 NE Asia, Alaska, Canada 
1973, June 30 y South Amcrica, Africa 


FEBRUARY 2, 1943 


NT 


and Coming 


Fic. 10-21. Recent ; lotal and Annular Solar Eclipses in 
North America. (Diagram Фу Charles H. Smiley, Brown University) 
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H thich current 
The dates, durations at noon, and land ae о puths 
total eclipses of the sun are visible are shown in E fea, aime DNO 
of the eclipses that will be visible in ps eo ^e will pass near 
appear in Fig. 10-21. The path of the 1963 | Bion alus ad 
northern Maine, and that of the 1970 eclipse wi E 
Atlantic Coast. 


; > always 
; : -essive sight to be alway 
10-22. The Sun in Total Eclipse is an impressive n Hips 
22. al E vase ui era 
remembered. The beginning of eclipse is manifeste s ү a үз 
À > radually 5 
ance of a dark notch at {һе sun’s western edge. Gradually 


Fic. 10-22. The Total Solar Eclipse of June 30, 1954. (Photograph: 
John m. Winckler, University of Minnesota) 

disk is hidden by the moon, 

Covered, the sky and landsc iin 

aspect, because the light from the sun’s rim is redder than orc 

sunlight, 


jd by 


mains wir 
liar 
ary 


ERA TR re: 
When only a thin icq unfami 
аре have assumed a pale anc 


The light fades rapidly 
chill in the air: birds seem 
As soon as the last sliver of 


fen 
re i5 # 
: here ! 
as tota] eclipse approaches. T co close 
1 » c 
bewildered: some flowers begin 


1 
ET sads anc 
the sun breaks into brilliant beac 
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disappears, the filmy corona bursts into view. Red prominences 
are often seen close to the edge of the eclipsing moon; some planets 


and bright stars may appear. Totality ends as abruptly as it began; 


the sunlight returns and the corona vanishes. 
The scientific value of total solar eclipse is owing to the avail- 
ability on these rare occasions of features which are revealed less 


(Photographed at the 


Fig, 10.93. The Sun's Corona. total eclipse of 


August 31, 1932, by Paul A. McNally, Georgetown Unwersity) 


Clearly or not at all at other times. Precise measurements of the 
Positions of stars in the vicinity of the darkened sun h 
that they are apparently displaced slightly outward from the sun's 
edge, as they should be according to the theory ol relativity, Many 
features of the sun's corona, particularly the streamers of the 
ybserved only during 


ave shown 


outer 


Corona, can be well c total solar eclipse. 


10-23. The Corona is the outer envelope of the sun and the chief 


Contributor to the splendor ol the total solar eclipse: its brightness 


is half that of the full moon. The corona is characterized by deli- 


Cate streamers which vary in the sunspot cycle. Near sunspot maxi- 
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rs all around 
А е amers all arou 
ım the form is roughly circular: petal-like stre bem agen 
mt б, {Кепей to tha аха? 

: ance which has been likenc« nh 
give Ше арреакийсе ‘which i din the polar regions 
Near sunspot minimum the corona is flattenec ТИ 
ae rs are rem 
(Fig. 10-23), where short, curved Streamers are r 
lines of force around a bar magnet, 


Long streamers may reach out 
more than a million miles from the 


ions. The in- 
і; dons. The 
equatorial reg 


iacal Light 
FiG. 10:284, ды Анк Conception of the Corona Lees Sky and 
Observed from Space, (Drawing by Charles A. Federer, Sr., 
T clescope) 
fluence of the Coron, 
show. While the 
à source of r 


арз 
» photogra] 
à is far more extended than the ph Taurus 
M bula in T: 
SUN was passing ncar the Crab nebul 


"adio 
> 1a on I 
n, the occ ulting eflect of the согот 


: sol 
istance of 18 
1 Nebula was detected to a distance 
sun’s center, 


adio е 
reception from t 
radii from the 

The light of the coron 
Fraunhofer lines in 


missio, 


ar 


ark 
Ё s the da 
а 15 partly reflected sunlight, as 


+ in- 
i s slowiy in 

105 spectrum Show; it decreases ii. a por 
1 а a H + v а 
tensity outward, and is asc ribeq Mainly to the reflection b 

tion of the dust ring th а 


at causes the 
gives a br ight.] 
the corona itself 


: rest 
The res 
zodiacal light (9-10). 1 


й the 
Of the light, which 


^ rom 
ine spectrum, comes П 
luminous gases of 


> sun 5 
3 s 'ar the 5 
' and is stronger пеат 
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equator than at its poles. The bright lines in the spectrum of the 
corona were first identified, in 194], by the Swedish physicist Edlén. 
They are emitted by shattered atoms of iron, nickel, calcium, and 
argon, which have been stripped of from 9 to 15 electrons, Such 
disruption of the atoms would occur at a temperature of 2 million 
degrees F, whereas a temperature of less than 6000° F would nor- 
mally be expected for material at that distance from the sun's 
radiating surface. 

Features of the inner corona around the uncclipsed sun were first 
photographed, in 1930, by the French astronomer B. Lyot with the 
Coronagraph on the Pic du Midi, This type of telescope, having 
Special precautions against bringing in direct sunlight to blot out 


the faint coronal light, is now in use at other high-altitude stations, 
With an appropriate filter both still and cine photographs of the 
Corona are being made around the uneclipsed sun. 


sTIONS ON CHAPTER 10 


Qv 

l. Suppose that the sun is represented by a ball 3% inches in diameter 

(about its diameter in Fig. 104). Show that the carth on this scale would 

be W» inch in diameter. Find a sunspot of this size in the photograph. 
8з E 


2. Explain the advantage of a long-focus telescope in photographing 


the sun, 
3. Describe the 
1. Describe the 
during the cycle. А 
5. Кашы the magnetism of sunspot groups in the two hemispheres 
à RAIN ые ө cycle. 
and its change from cycle to сус d M ы 
6. Associate each of the following definitions with the feature of the 
sun to which it applies: 


growth and decline of a normal sunspot group, 
sunspot number cycle and the shifting of the spot zones 


(a) The surface that is ordinarily ыш 

(b) The two principal members of a sunspot group. 
(c) The darkest part ofa sunspot. a 

(d) The red layer surrounding the visible surface, 


(с) The outermost envelope of the sun. 
7. Name: (a) four chemical elements which 


i а Лете T 
In the solar spectrum: (b) a filth element produc 
chromosphere. 


produce Strong dark lines 


i mg prominent bright lines 
in the spectrum of the 


8. Why do the prominences appear dark against the sun's disk 
bright When they project beyond its edge: Account for their red color 

9. What is a solar flare? Distinguish between 
"ecorded with radio telescopes: 


10. Mention some terrestrial fleets which are Ire 
Solar 


and 


bursts and. outbursts 


quently associated with 
flares, 
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i d as › cause 
11. Distinguish between total and annular eclipse of the sun as tc 
and appearance. 


i . rona ri the 
12. Describe the changes in the appearance of the corona during 
sunspot cycle. 
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Camera, 
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THE STARS IN THEIR SEASONS 


А _ SPRING — STARS OF 
THE CONSTELLATIONS — STARS OF 

SUMMER STARS OF AUTUMN — STARS OF WINTER — 
THE SOUTHERN CONSTELLATIONS 


THE CONSTE 


ATIONS 


riginal sense the constellations are configurations of Stars, 
Ad ше ^s jn ss form patterns of dippers, crosses, and the like, 
The brighter stars о we recognize today were well known to the 
Some of the инн к= 5000 years ago, who had named them after 
people of Мороа Fin of occupations, such as the herdsman 
animals and ереен siam was later adopted by the Greeks who 
and € pesa ies Lemon after the animals and heroes of 
renamec some 


their mythology. 


жем. әгә onstellations were 
11 Original Constellations. Forty-eight constel AS WA 
`1. The Orig ly Greeks. Nearly all of these are described in 
К d > early O ё PATA. >а 97 Yi. зя 
known to the c Tun the poet Aratus wrote, about 270 в.с. and 
` » 4 w а s А Т aritv 
the Phenomena, 1 in many libraries today. The popularity of 
AAN gan: le уе to perpetuate the imagined Starry crea- 
Aratus? poem dic А 
«tus ae scribed. 
бе оа Е vidly Чезс 5 - к 
tures which he vi ена! menagerie was also promoted by the pub- 
окат a celestia Е E 
Interest in the p gest, about A.D. 150, where the places of 
lication of Ptolemy's Almagest, about AD. 150, 
ation о lesismatéd by their positions in the mythological 
lé stars are des а „А> aoe * a; e 
f * Stats gis io, famous artists of later umes vied with one an- 
igures, “Then, t -— i "e A Э 
is E luce the liveliest pictures of the Magined creatures, 
ler rodu var › 
7 to | res do not appear on modern Maps and globes of the 
lese creatures д Е 
h Tl have nothing to do with Ше astronomy of today, 
Cavens. aey hi н she $^ 
s y tion with which they began; their names are 
€Xcept the connectior М = ; 
still y of constellations, Meanwhile, the constellations 
Б the names Кый 
- in number and have taken оп a new significance, 
have Increased in n à i ‘ ali 
е as group, stars survives as well. 
although their oldest one as g ' PS of stars survives as 
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Fic. 11:1, The Great Bear. 
11:9, Constellations 


iginal con- 
5 The original с 
as Divisions of the Sky. The orig 
stellations did not c 


jy; they 
ә се etely: 
Over the skies of the Greeks ia ЎА con- 
3 те were no stri ә 
did not include the duller areas where I eum only those 
VT re claim attention. At tha per UN n 
figurations Of stars to claim attentic vell co: eenstellationsi I 
Stars within the imagined creatures belongec th celestial pole 
addition, the part of the heavens around eta remained un- 
that did not tise above the horizon of the Grecks 
charted, aint spaces with 
akers of later times filled the vacan 5] 
ations whi 
5, and other things h 
the legends, Not all of t 
constellations, whic :n part, 
гог in ра 
pole to pole, Y of them are visible, either wholly or in | 
from the latitude of Ne Б 


т 
d in the sta 
ndaries first appeared m ere 
19th century. They were freq Hi 
| ! i MA етан ed аг 
irregular, making detours to avoid Cutting across outstretche 
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and paws of the legendary creatures. These devious dividing lines 
were straightened for most of the southern constellations by the 
American astronomer Gould, in 1877, and finally for all the con- 
stellations by decision of the International Astronomical Union, in 
1928. The boundaries now run only from cast to west and from 


north to south, although. they zigzag considerably so as not to 


[ 


pun Me s tel 
тү. RE UA, 
\ 4, 
| i 
1 РЕР = 
HT 
р о заря 
1 
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Old and New Boundaries of Orion. 


z * к variable stars from constellations with 
expatriate bright stars and 


"en i iated. 
which they have long been associ it 

rs. The brightest stars and Wd E. 
11:3. Names of the Stars. The bi ight ies other РМЕТ? 
famous ones are known to us by personal names which have been 
$ s ones 4 Maie bis 
handed down through the ages. Some of these names 


are of Greek 
Some are derived from the Arabic: 


а ап -igin. s names such 
жа AT TA is the Arabic definite article), 
are survivals [rom earlier times when astronomy was a favorite study 
Of the Mohammedan scholars. The stars were also named 
and nomads of the desert, 
“before the dog,” 


and many others 


by 
shepherds, sailors, 


Procyon, meaning 


precedes the Great Dog Star 


in its rising, Aldebaran: MCans "the follower”; it rises after the 

i rr . a “rivg ME 2 Server 
Pleiades. Antares is the rival of Mars," owing to its red color 
These are examples of how some of the stars were designated. 
Other star names have come to us in a different way. 


In the earliest catalogs, such ау Ptolemy's, the stars were distin 


TABLE 11:1 Names or THE CONSTELLATIONS 


English 
Latin Name Possessive Equivalent Map 
*Androm'eda Androm'edae Andromeda 45 
Аша Ant'liac Air Pump 
A'pus A'podis Bird of Paradise 
* Aqua'rius Aqua'rii Water Carrier 4 
*Aq'uila Aq'uilae Eagle 3,4 
*А'та A'rae Altar $ Е 
*A'ries Ari'ctis Ram эз 
*Auri’ga Auri’gae Charioteer a oy 
*Boó'tes Boó'tis Herdsman 2,3 
Cac'lum Cae'li Graving ‘Tool 
Camcelopar'dalis Camclopar'dalis Giraffe 
*Can'cer Can'cri Crab 2,5 
Ca'nes Vena'tici Ca'num Hunting Dogs 2 
*Ca'nis Ma'jor © кыне 5 
*Ca'ni M UM Majo ris Larger Dog Е 
" put z apr Ca'nis Mino'ris Smaller Dog 
Capricor ns Capricor'ni Sca-Goat 4 
n a Cari'nae Keel E. 
Rosin Cassiope'iae Cassiopcia os 6 
*Ce'pheus Centau'ri Centaur i 4 
"Сел Ce'phei Cepheus 4. 5 
я Ce'ti Whale E 
Chamae'leon Chamaelcon'tis Chameleon 
р cinus Cir'cini Compasses 5 
Colum'ba Colum'bae Dove 5j 
a ma Bereni'ces Co'mae Bereni'ces Berenice’s Hair * 
*Coro'na Austra'lis Coro’nae Austra'lis Southern Crown Я 
ис na Borca'lis Coro'nae Borca'lis Northern Crown 5 
ан Cor'vi Crow. el 
;ra'ter Crater'is Cup is 
Pais) Cru'cis Cross R à 
Taaa Cyg'ni Swan 3, 
*Delphi’nus Deni е 4 
Dora'do clphi^ni Dolphin 
Draco Dora’dus Dorado 1,3 
*Equu'leus Draco'nis Dragon 
*Erid'anus ju lei Little Horse 5.6 
For'nax ved ant River 
*Gem'ini сона сїз Furnace 5 
Grus aa Sium Twins p 
*Her'cul ak Cranc 
cules Her'culis 3 
Horolo'gium Horolo'gii Hercules 
*Hy'dra Hy'dra А à Clock " 
Hy'drus Hy'dri Sea Serpent 6 
In'dus In'di Ww ater Snake 
Lacer'ta Laberius Indian 
*Le'o Leo'nis Lizard 2 
Lion 
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Taste 11-1 Names OF THE CoNsTELLA TIONs— Continued 


Latin Name 


Lc'o Mi'nor 
*Le'pus 
*Li'bra 
*Lu'pus 

Lynx 
*Ly'ra 

Men'sa 

Microsco'pium 

Monoc'eros 

Mus'ca 
Nor'ma 


Oc'tans 
*Ophiu'chus 
*Ori'on 

Pa'vo 
"Pe 


Phoc'nix 
Pic'tor 


s Austri'nus 
TPup/pis 
]Pyx'is 
Reticulum 
*Sagit’ta 
*Sagitta’rius 
*Scor’pius 
Sculp'tor 
Scu'tum 
*Ser'pens 
Sex'tans 
*Tau'rus 
Telesco'pium 
"Trian'gulum 
Trian ‘gulum 
4 Austra'le 
Tuca'na 
*Ur'sa Ma'jor 
*Ur'sa Mi'nor 
TVe'la 
*"Vir'go 
Vo'lans 
Vulpec'ula 


* One of the 48 constell 
* Carina, Puppis. Pysis- 


Argo Navis, 


Pos: 


sive 
Lco'nis Mino'ris 
Le'poris 

Li'brac 

Lu'pi 

Lyn'cis 

Ly’ 
Men’sae 
Microsco’pii 
Monocero’tis 
Mus'cac 
Nor'mac 
Octan'tis 
Ophiu'chi 
Orio'nis 


Phocni'cis 
Picto'ris 
Pis'cium 
Pis'cis Austri ni 
Pup/pis 
Pyx'idis 
Retic'uli 
Sagit'tac 
Sagitta'rii 
Scor'pii 
Sculpto'ris 
Scu'ti 
Serpen’tis 
Sextan tis 
Tau'ri 
Telesco/pii 
Trian'guli 
Trian'guli 
Austra'lis 
Tuca'nac 
Ur'sae Majo'ris 
Ur'sac Mino'ris 
Velo'rum 
Vir'ginis 
Volan tis 
Vulpec'ulae 
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English 
Equivalent 

Smaller Lion 
Hare 
Scales 
Wolf 
Lynx 

L 
Table Mountain 
Microscope 
Unicorn 

Fly 

Level 

Octant 

Serpent Holder 
Orion 

Peacock 

Pegasus 

Perseus 

Phoenix 

Easel 

Fishes 

Southern Fish 
Stern 

Mariner’s Compass 
Net 
Arrow 
Archer 
Scorpion 
Sculptor's Apparatus 
Shield 

Serpent 

Sextant 

Bull 

Telescope 


Triangle 
Southern Triangle 


Toucan 
Larger Bear 
Smaller Bear 
Sails 

Virgin 
Flying Fish 
Fox 


ations recognized by Ptolemy, 


and Vela once formed the single Ptolemaic constellation 


Map 


Ф оо 


оь е 
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> es and 
ished by their positions in the imagined t cesa tend v 
иш One star was the “mouth ar шг e dii some of thesc 
"tail of the Bird." Transcribed later into the . per ке 
expressions finally degenerated into single yis Koen ар 
name of the bright red star in Orion, Ns origine 
meaning the “armpit of the Central One. 


signat- 
11-4. Designations of the Stars by Letters. The ШК " ode 
ing the brighter stars by letters was introduced by s i Ine олуя 
attorney, in 1603. In a general way, the stars of eae 1 Aes ct thlt 
are denoted by small letters of the Greek CS T further 
brightness, and the Roman alphabet is drawn pins iu ЕЕ 
letters. Where there are several stars of ncarly the ип is кк 
in the constellation, they are likely to be lettered in orde 
head to foot of the legend 
the Bayer Sy: 


an 


s ame of a star in 
ary creature, The full name e he Latin 
у ^ s sive of the 14 
stem is the letter followed by the possc ne htest star in 
= E E Р 2 brightest ste 
name of the constellation, Thus Capella, the 5 
Auriga, is g Auripae, 
are shown in the 
Some of the f. 


The letters for some of the brighter stars 
Maps that follow. = 
ainter stars are known by their iene order of 
to a plan of numbering the stars in each дето ur Bus 
right ascension, The star 61 Cygni is ап example. 

stars, however, 


according 


rs in 
irr i number 
are designated only by their running ЖЕЛЕТ 
i | ich i er can tt 
one of the many catalogs to which the tier uod vrai 

a з ar ver Тег: 
formation as to their positions, brightness, and ot 


11:5. The Ma 


: А g is chapter 
р of the Northern Sky. ‘The six maps in this 1 
show 


un ] par- 
All parts: of the celestial sphere. ‘They are wp ig Nl 
ticularly for an observer in latitude 40 N, but are useful 2 ER the 
in middle northern latitudes. In order to avoid ие the 
many stars only faintly visible to the naked eve are not inc luc ta 
names of inconspicuous ar in the 
the. boundaries between the constellations do not appear 
maps. 


ally itted 
constellations are generally om š 


Map | shows the re 
celestial pole. The; 
at the end of the Li 
this projection as str; 
marked around the 


rth 
gion of the heavens within 40° from pce 
ole is at the center, closely marked by I on їп 
ttle Dipper's handle. Hour circles appea 
aight lines radi 


Circumferen 
ascension. The concentric circl 


enter; they are 
ating from the center; | ars 
ce of the map in hours О £ ^ 
]inatio 
es are circles of equal declina 
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at intervals of 10°; their declinations are shown on the vertical 
line. 

This map is to be held toward the north. When it is turned so 
that the present month is at the top, the map represents the posi- 


DX 
MAGNITUDE < 2- € 
3- e 
4-6 


Map 1. The Northern Constellations, 


tions of the northern constellations at 9 o'clock in the evening, 
Standard time, or, more exactly, local mean time il the correct part 
Of the month is at the top. | Fhe hour circle that is then vertically 
under the date coincides with the celestial meridian at this time 
Of night on this date. For a different time of night the map is to 
be turned from the 9 o'clock position through the proper number 
ОГ hours, clockwise for an earlier time and counterclockwise for a 


later time. 
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т stellations 
If we wish, for example, to identify the Mer E E 
at 9 o'clock in the evening on August 7, thc map 9 А: об. Ihe 
so that this date is at the top (at about the 18 sie Cassiopeia is 
Great Dipper is now bowl-down in the gedit а 
Opposite it in the northeast, and ate Sal seasons. On all 
tions appear again in the maps for the Free КООЛОР ККД 
the maps the brightness of the stars is Дт y 59 
represent their approximate magnitudes (12-18). 


rd the north 


J i 1 bay tc Ww 
11-6. Directions in the Sky. North in the sky is ig t to west is 
j ite 8 has 
celestial pole; south is toward the opposite pole. ich the stars 
the direction in which uu 
scem to circle daily. d 
е rules are remembered, pun : 
ip К г, ж irec- 
be no confusion about ¢ 
tions in the sky. we? 
The position of a n 
: dw A 
clearly described when its si 
v r stars аге give 
duly I5 Pou Janis tions [rom other stars 1 ae 
in this way. Its position 15 | 
| x av how 
inite if we say M 
perfectly definite if we sit) en 
y ео 
it is related to two or more Ls 
i ar completes 
j ars; perh: ле star со! 
dn $9 s Och Is stars; perhaps tl dendi, p 
. an equal-sided triangle нао 
а б М identified. 
i other stars already ident 
=F Мойтн — 


1 Mie 
; LA ine with the 
== |= = it may be in line ive 


Fic, 11:6. > 


We have noticed how а 
O'clock in у 


! 1 inrer тата of the 
Ihe Great Dipper at 9 through the pointer stars БЕ 
'€ Evening at Different Great Dipper leads to the р E 
à i "nre CEBIT 
Seasons, s Such directions ren 
àv and vear. 
ve to the 


unaltered through the d 


Directions relati 
50 around the pole, 
and west is to the left; 
west is to the rig 
tion relative to the he 
as the sc. 


» stars 
as the sti 
horizon, however, change as 


is wn 
а ч 4h is do 
From a star above the pole, nortl 

from 


ў and 
: up an 
а star below the pole, north is up 3! 
Notice | 


* : s its posi- 
Now the Great Dipper Miis pn Lt 
n o nig 
uring the night or from night nun 
11-6), in the winter ae fn 
> northeast at 9 o е 
У - the Di 
€ pole. In summer sit 


rizon q 
asons progress (Fig, 
Of 7 stars st 

spring 


ands on its hg 
it appears inverted à 
15 scen descending bowl-de 
is right side up under 
time, 


perap nr 
northwest, and in eri JE 

;1 y i6 
here it may be lost to view 
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11-7. Star Maps for the Four Seasons. Maps 2, 3, 4, and 5 show 
the constellations which cross the meridian at 9 o'clock in the eve- 
ning during each of the 4 seasons, all the way from the north celes- 
tial pole to the south horizon of latitude 40° N. The pole is near 
the top of each map. Hour circles radiating from the pole are 
marked in hours of right ascension near the bottom of the map, 
and circles of equal declination go around the pole. 

We select the map for the present season and hold it toward the 
south. The hour circle above the date of observation is along the 
celestial meridian at 9 o'clock in the evening on that date. Accord- 
ingly, the central vertical line in cach of the 4 maps represents suc- 
cessively the positions of the meridian at 9 o'clock on April 21, 
July 21, October 21, and January 21. Remembering that the daily 
motions of the stars are from left to right for these maps and that 
a star comes to the meridian 2 hours earlier from month to month, 
we can locate the meridian in the maps for other times and dates, 

‘Thus the maps are arranged to show what stars are crossing the 
celestial meridian at a particular time of the day and усаг, Any 
se stars can be identified in the sky if its distance from 
is also known at that time. ‘The rule for finding the 
m Fig. 2-13: The zenith distance of a 


one of the 


the zenith 
zenith distance is derived fro | r 
transit equals the observer's latitude minus the stars 
If the distance is positive, the star is south at ie 


star at upper 
declination. | $ 
zenith: if it is negative, the star is north of the zenith. 

‘The zenith at the place of Observation is on the circle having 
the same declination as the latitude of the place. As we are facing 
south, it would be necessary to lean backwards to view the йс 
the upper parts of the maps. The northern constella 


lations in к Я 
shown more conveniently in Map 15 


tions, however, are 
he seasonal maps to display more cle; 


e constellations larther south, 


Vhey are 


repeated in t "ly how they are 


related to th И | 
х A oxi BS ustrate the ` 
Lhe following examples i ле use of the Maps. 


T: > right ascensi а { 
1. Read from Map 2 the right asion and declination of the star 


Regulus. ` 
insere Right ascension 10^ бин, dedination П 
А : Rig : N. 
2, On. June 20, 1960, the planet Jupiter way in rieh 


А ascension 17h 55 
What was its position 17" 55m, 


declination 24° S. WE B among the stars (Мар 3): 
Answer: In Sagittarius. west ol the handle of the Milk Dipper 
3. On what date does the star Antares (Map 3) cross the meridia [ 
o'clock in the evening. standard time? What is then its distance In Stig id 
zenith as observed in latitude 10° N; a 9m the 


Answer: July 12. The zenith distance is 66°, south, 
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4. On what date does Orion (Map 5) rise at 9 р.м.? 
Answer: November 1. Because Orion is near the celestial equator, it 
rises 6 hours earlier than the time of its meridian crossing, which is 9 r.M. 


on February 1. Thus Orion rises at 3 P.M. on February I, and at 9 р.м. 
on November 1. 


STARS OF SPRING (MAP 2) 


The star maps are useful for identifying the prominent constel- 
lations in the sky and also for reference during the reading of the 
book. Our brief inspection of the se; 


asonal maps begins with the 
Stars of spring, which are near the celestial meridian in the early 
evenings of this season. 


at Dipper 
urs 15 


11:8, Ursa Major. In the early evenings of spring the Gr 
appears inverted above the pole. This figure of 7 bright s 


Alcor, М 
ө------ Mizar & ° 
‹ Sl 
Alkaid wdiioth * Dubhe 
Megrez” H 
Phecda k------ 4 Merak 
" 
LJ 
. 
. 
. 
. 


Fic. 11-8. 7 "C 
8. Ursa Major. Insert: Mizar and Alcor viewed with an inverting 


telescope. 


EE Constellation. Ursa Major, the Larger Bear, NY 

А eges nce to eer n bowl of the 
Dipper; pairs of stars of ne m west and south of E T S ah 
3 paws of the ancient arly equal separations (Fig. 


has a fainter compani с Mizar, at the bend in the handle, 
“mon easily yis; "ith even 
a x E isi ` паке ye. With 
a smal] telescope Mizar itself ig z ble to the naked сус 


E к n €vealed as a pair of stars. 
Following the line of the Poi Ed às] Polaris. 
st ters northward we come to Р р» 
ай тайы е sk ws than е from the celestial pole. l de 
2 3 end of the h, : i or, une 
uis IE > > rer, 
characteristic figure of са Mino апае of the Little Dipp 
A т. 
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су 


URSA MAJOR ө 


9 
| MAY APRIL MARCH 


Map 2. Stars of Spring. 


220 EHE STARS IN ГИК SEASONS 
11-9. Leo is peculiarly associated with the spring season. Its 
familiar Sickle appears in the east in the early evening as spring 
approaches, and it becomes the dominant figure in the south as 
this season advances. The bright star Regulus marks the end of 
the handle of the sickle-figure, which with the right triangle to the 
east is the distinguishing feature of this constellation ol the zodiac. 

To the east of Leo is the dim Cancer of the zodiac with its 
Praesepe star cluster. lo the west is the larger zodiacal constella- 


Celestial Equator 
Autumnal Equinox 


Mig. 11-0, The Position of the Autumnal Equinov 


ets the bright star Spica, “Phe course ol ee 
Regulus and ee nearly the line from the Praesepe cluster pe 
jt cross Шы ка, : hree filths of the way from Regulus о ica 
4-sided figure of "e Чата at the autumnal equinox. < K 
When Corvus is at ag in this region is likely to attract attentio 
the middle of May oe at 9 o'clock in the evening — 
the south, where it is Eu UM Cross is on the meridian : be 
part of the United km. ble from all except the extreme soul jer 


STARS E 
RS OF SUMMER (мар 3) 

А procession of familiar 
be {таи Pati Constellations, from Bodtes to. Cygnus: 
S zenith in the evenings of summer in middle 


northern latitudes. 2 А 
A fine region of the Milky Way, which we 


STARS OF SUMMER (МАР 5) 


Y 
3 , 
орнос 
шш 


МАР 3. Stars of Summer 


. 
А А, җы за А ° Antares E А + И — 
Er й еф — — 7PPscofrio я E | 
ef 2 | же . | ° 
Р ч | 
H 2 £l * =” 4 Н š uA 3 i ИРЕ: i 
аша a "am : 
\ © | | * x 7€ We 
20 to z E | n 16 “15 рй 14 
| AUGUST Ly H JUNE 
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ў 5 past Aquila down 
examine in a later chapter, extends from Cygnus past Aq 
to Scorpius and Sagittarius in the south. 


js : Бе “hen the stars 

11-10. From Boótes to Lyra. Boótes is overhead whe vpn 
is AE Pee ач e the fis 

come out at the beginning of summer, Its stars outlin ү) 


I š int where the 
of a large kite with the brilliant Arcturus at the poir 
tail is attached. 


xt ; FUE inted out by 
This somewhat reddish star is роп 


M 


CYGNUS \ 


3 Ix ain Lyra. 
Fi. 11-10, Cygnus and Lyra. Fic. 11:104. Аш ЫШ ОРЕН 
Showing the Positions of the double- (Dominion Astrophysi 


double Epsilon Lyrae and the Ring tory photograph) 
nebula. 


А Р ; d past its 
following the curve of the Great Dipper's handle around p: 


Я * 5 lestial hemi- 
епа. Arcturus’ only peers in the whole northern cclest 
sphere are blue Vega and yellow Capella. 

Eastward from 


the kite-figure and beyond the о = 
Corona Borealis, the Northern Crown, we find Hercules, w їр ay 
passing overhead at nightfall in midsummer. Some of its «ння 
stars шау seem to Suggest the figure of a rather large butterfly з i 
is flying toward the west. The great cluster in Hercules, scarce y 
visible to the naked eye, is situated two thirds of the way from ban. 
imagined butterfly's heaq along the west edge of the northern wing. 
Farther east on the line 6 У 


from the Cro 
to Lyra, The figure here i 


attached at its northernm 


wn through Hercules мош 
$ à small parallelogram with a gere 
Ost point, Vega marks a vertex of t 

triangle, The star at the north point of the triangle is the "double- 
double" Epsilon Lyrae. Jt is visible аз two stars to thc unaided 
eye, but is more easily seen with binoculars; each star is again 
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divided into two with the telescope. The Ring nebula in Lyra 

(Fig. 11-10), visible only with the telescope, is about midway be- 
rx r : | : г » T. 

tween the two stars in the southern side of the parallelogram, 


11-11. Scorpius and Sagittarius. The formidable figure of Scorp- 
ius, the. Scorpion of the zodiac, dominates the шег sky at 
nightfall in early summer. Its bright Antares is a red supergiant 
star enormously larger than the sun. 


——————  _ ——_. 
° 


Trifid Nebula m 
Ecliptic ES 


Winter Solstice? 


eons zit- Fic. 11-11А:_ Trifid Nebula in Sag. 

ilk Dipper of Sagit- Fic. | n чав 

П 11. ДЕТ PEOR ofthe  ittarius.. (Mount Wilson Observa- 
Showing | tory photograph) 


tarius. Р 
winter solstice. 
Directly east of Antares, 6 stars of the zodiacal constellation 
" pied outline the Milk Dipper, so named because it is in the 
"i deer In this direction we look toward the center 
Seil The great star cloud of Sagittarius 15 an outlying portion 
of the galactic central region E ihe inly obscured by interven- 
: of cosmic dust. "The Trifid nebula and the glob- 
ular star cluster M 22 are some ol the other features o[ this spec- 
wact of the heavens. ре place of the winter solstice is 
the handle of the Milk Dipper, 


of our 


ing heavy clouds 


tacular 
also near 
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Cassiopeia comes UP high in the north in autumn skies. The 

Northern Cross 15 overhead early in the season and, as it moves 
Pegasus be > " ` ee Қ 

along, the Square О! Peg becomes the dominant figure. Dim 


ions spread ac ў х г 
watery constellations SpFC4€ across in the south, having only the 


THE SPARS 


IN 


PHEIR SEASONS 


| | SCuLpy 
т 
\ ОС | 
2 E i e i 
Hh 
Mar 


re p 
OR e Fomathaut | 
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SAS MER 
CRUS | 
. * al | 
23 еВ ЕА A 
OCTOBER SEPTEMBER 
4. Su 
E. 
"5 of Autumn. 


STARS OF AUTUMN (MAP 1) 995 


star Fomalhaut to attract attention except when bright planets 
appear there as well. 


11:12. The Northern Cross is overhead at nightfall in the early 
autumn in middle northern latitudes. “This attractive. figure, set 
in a fine region of the Milky Way (Fig. 11-12), is the characteristic 
feature of Cygnus, the Swan. Its brightest star, Deneb, marks the 


Fic. 11-12, The Northern Cross in the Milky Way 
foot of the Cross is out of picture at the lower 
Е. E. Ross, Yerkes Ober 


Beta Cygni at the 
right. (Photographed by 
"Uatory) 
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northern end of the longer axis of the Cross. Albireo (Beta Сур) 
decorates the southern end of this axis; it appears double with ev en 
a small telescope, a reddish star with a fainter blue companion. 
The Northern Cross shows the direction toward which the sun 
with its planetary system is moving in the rotation of our galaxy. 


i à sociated with our 
11:13. The Square of Pegasus is peculiarly associated with Ч 
і it i > east in 

autumn skies, As this season approaches, we see it in the east 


i "05505 ridian 
the early evening balanced on one corner. It crosses the merid 


a S Messier 51 


c ANDROMEDA 


ў : sitions of 
Fic. 11:18, Region of the Square of Pegasus. Showing the position 


the spiral galaxies M 31 and M 33. 


at 9 o'clock about the Ist of N 


i tars 
ovember. Four rather bright s 
mark the corners of the 


large square which is the шык 
figure of Pegasus; they are Alpha, Beta, and Gamma Pegasi, an 

in the northeast corner the Alpha star of Andromeda. If we imag 
ine that the Square of Pegasus is the bowl of a very large dipper 
figure, we find its handle extending toward the northeast (Fig. 
11-13); its first three Stars are the brightest of Andromeda. А «d 
ture of this constellation js Messier 31, which is only faintly visible 
to the сакај ape iit tg actually а spiral galaxy larger than our OWP: 
It is denoted in Map 4 by its oller name the “Great Nebula” їп 
Andromeda. Another galaxy js marked 
boring constellation Triangulum, 

Southeast of the Square 
ribbons with which 


Pisces of the zodiac 


: sch 
in the figure in the neigt 


two str 
the Fishes 
contains t 


he 
€ams of faint stars represent tl 
are tied. This dim constellatio 
; ; s 
he 7odiacal sign Aries, which ha 
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moved westward from its own constellation. Here we find the 
"first of Ari or vernal equinox (Fig. 11-134). The line of the 
eastern side of the Square prolonged as far again to the south leads 


Nimis) 


SQUARE OF 
PEGASUS 


Lion, // Pisces 


Fic. 11-13A. The Position of the Vernal Equinox. 


to this important point of the celestial sphere. The red variable 


star Mira shown in this figure is in the adjoining constellation 


Cetus. 
STARS OF WINTER (МАР 5) 


The bright winter scene is grouped around Orion, its most con- 
spicuous figure. The zodiac is farthest north here; Taurus and 
аак between them the position of the summer solstice. 

M 2 


11:14. Taurus contains two bright star clusters. The Pleiades 
cluster looks something like a short handled dipper (Fig. 11-14). 
ars are clearly visible to the naked UNS And б, от 
three others twinkle into view. The conspicuous fe 
larger, Hyades cluster 15 1n the i m of the letter V 
bright star Aldebaran, represents the he 
the tips of the horns are two fairly bright stars, the northern one of 
which is needed to complete the mufhn-figure of Auriga; its bril- 
liant Capella is near the zenith at 9 o'clock toward the end of 
January. | 

Gemini has an oblong figure. The heads of these Twins of the 


irked by the bright stars Castor and р 
olstice (Fig. || 


Seven of its st 
ature of the 
which, includ- 


ing the ad of Taurus. At 


zodiac are m: 


ollux. The posi- 
tion of the summer 5 


ТА) is between their feet and 
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Fic. The is 
"s The Pleiades, (Yerkes Observatory photograph) 
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* . ~ Sol. aay 
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Fic, 114A, 


Gemini, 


Aurig; 
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summer solstice. 


and Taurus. Showing the position of the 
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I у Г Auriga 
he ho I i геерѕ уп from Auris 
t horns of Taurus he Milky Way sweeps E uth horizon. 
> hor а Я Ay d 

1 laurus past the feet of the Twins and on to the 

anc au sout о 


" Be 'st constellation, 
11-15. Orion and His Dogs. Orion, the brightest ; sume 
ana В . " g figure s 
is peculiarly associated with the winter, Its oblong ihe south at 
Ы NOR re ‘ars in s 

the early evening as winter approaches, appear 


= 
Detolgeuse Bellatrix 2, 
а . » 
Y 
. 
a 
e 
fe 
P 
Great Nebula 
? Rigel 
e 
K A 


Fig. 11.15, Orion * 


the 
Great Nebula 


б f 
ч cing * position О 
Tangled in Nebulae. Showing е T mul 
+ (Mount Wilson Observatory photog 


ilight 
is setting in the twilig 
9 o'clock around the Ist of February, and is setting in 
as spring advances. 

This bright region of the 
old celestial Picture book. 
by his dogs, st liagonally 

gs, ae iago 
Red Betelgey lows below his shoulder. Blue Rigel ¢ 
across the fig i 


th (Fig. 11-15) represent his sword. 
ar of the three appe 
zium of Stars Surrounded by t 
Orion, 


E ing 
The stars of Orion's belt are useful pointers. The line Ae 
them directs the eye northwestward to the Hyades and in 
ward to Sirius, the "Dog Star," the brightest star in the pene 
one of the nearest, Sirius, Betelgeuse, and a third bright star : 

the Milky Way form a ne 


М ne 
The third О 
i arly €qual-sided triangle. The Ч 
is Procyon, the “Little Dog Star.” 


trape- 


> telescope as а M 
ars through the telesco] эша 1n 


5 Toe ncl 
he foggy glow of the great 


anc 
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Map 6. Region of the South Celestial Pole, 
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THE SOUTHERN CONSTELLATIONS (МАР 6) 


11-16. The Region of the South Celestial Pole. аа 
part of the heavens that does not come up into ae NG seas 
10° N. It contains the Southern Cross, the two Magel pues Way 
a number of brilliant stars, and a fine region ol the A і db = 
Crux, the Southern Cross, is a small figure of 4 UR Mg: sible 
sembles a kite fully as much as a cross. Jt becomes sis y pes 
south of latitude 28° N. Its brightest star, Alpha атап но i 
as bright as Aldebaran. The Magellanic Clouds, compa 
our spiral galaxy, do not rise 


: ates. From 
anywhere in the United States. 
more southern latitudes they 


are clearly visible to the Pera rs 
Canopus, almost directly south of Sirius, is second to it ш ey 
ness. Alpha Centauri is third in order of brightness among а 

Stars, and is nearest of al] to the sun. 

The south celestial pole 
Octans, There is not 
this point, Sigma Oct; 
is 50' from the pole. 


i 5 lation 

is situated in the dim shane 
is within 20° fron 

а star as bright as Polaris within 20 Ше, 
| isi ~ ako су 

intis, a star barely visible to the naked сус, 


Questions oN CHAPTER 11 


I. Define the term 

Orion as an example. т z rela aul stare: ара represented by the 
2. Three ways of designating individua POS. 61 Cygni. Explain. 

following examples: (a) Antares: (b) Alpha ‘Tauri: (c) n "YR A Мар 1? 
3. Why are the names of the months placed as they are "ther. 

Notice that September 21 and right ascension 21 Hours is Xu directly 
4. About what date is the bowl of the Little Dipper (Map ) 

above the pole at 9 o'clock in the ev ening. standard time? 9) at 9 P.M. 
5. Precisely where Would we look for the star Spica (Map 2) at € 

on May 25? ötes: Leo; 
6. Describe the characteristic figures formed by the stars of Boötes; Ти 

Cygnus: Pegasus: Orion 


‘ake ы lation 
"constellation" in two ways. Take the conste 


Bi Ng = я т; the 
7. Name the two brightest Stars of the carly evenings of summer: 
four brightest stars of winter, 


8. On what date 


does the gre 
the zenith at 0 v.s? 


i k ass near 
at cluster in. Hercules (Map 3) pa 
гіра 5 ame time. Do 
9. Orion and \uriga (Map 5) oss the meridian at the same time. 
they also rise and set at the same time? Explain. 


1 in ri ascension 
10. At the opposition of November 16. 1958, Mars was in right ascens t 
i à i Ah es З ajades an 
3" 25m. declination +192, How was it Тл рти MIR A е 
Hyades at that time? 


i ‘lestial pole 
11. For an observer in the southern hemisphere the south celestial | 
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is the elevated one. On what date does the Southern Cross appear directly 
above that pole? 

12. Name the constellation containing: (a) the Milk Dipper: (b) the 
brightest. star; (c) the Praesepe cluster: (d) the Ring nebula; (e) the 
eclipsing star Algol: (f) the star Canopus, 
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THE STARS AROUND US 


DISTANCES OF THE STARS—THE STARS IN MOTION — 
STELLAR SPECTRA — MAGNITUDES OF THE STARS 


The distances of the nearer Stars are shown by the amounts of 
their slightly altered directions as the earth revolves around the 
sun. The motions of the stars 
the background of more 
lines in their spectra. 

bright enough to permit 
With such dat 
the stars may | 


are revealed by their progress against 
remote stars and by displacements of the 
Stars in the sun’s neighborhood are often 
the study and classification of their фиш» 
a of observation, including the relative brightness, 
?e compared with one another and with the sun. 


DISTANCES OF THE STARS 


| — its 
The distance of a celestial object may be found by observing 

trices se ‚ direc: 

parallax, which has been defined as the difference between the di 

tions of the object 


iff es a known 
as viewed from two different places a knov 
distance apart, 


The moon's parallax (6:2) measured from widely 
Separated stations on the earth is quite large enough for the pur- 
pose. The difference between the directions of even the nearest 
Star, however, observed from Opposite points on the earth is not 
greater than the width of a period on this page if it w 
from а distance of a thousand miles. ‘To detect the par : 
Stars we require the lar greater separation of points of observation 
кей bythe carth’s revolution around the sun. 


‚ viewed 


allaxes of 


12-1. Parallaxes of the $ 
parent slight oscill 
of the displacemer 


Е tars. The earth's revolution causes ap- 
ations óf the nearer stars (Fig. 12-1). The extent 
н ы for a Particular star is found by comparing d 
positions in a series of photographs taken 6 months apart; the pos! 
tions are determined with reference to other stars that appear nearby 
but are likely to be too far from us to be considerably displaced. 
Because part of the observed displacement may be caused by the 
movement of the star itself, it is Necessary to repeat the photographs 
234 
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at half-year intervals until the annual parallax oscillation can be 
disentangled from the straight-line motion of the star. 

The parallax of a star, in the usual meaning of the term, is its 
heliocentric parallax. It is the greatest difference between the star’s 
directions from the earth and sun during the year, with slight cor- 


ж: 
Д и 


EMOTE 
STARS X 


Fic. 19.1. The Parallax of a Star. As the earth revolves around the sun, 
the nearer star appears to oscillate relative to the more remote stars, 


rection to keep the earth at its average distance from the sun, and 
is about half the greatest parallax displacement of the star. When 
the parallax has been measured, the star's distance can be calculated, 


"n H 7, re я + is а 
12-2. Distances in Light Years and Parsecs. The distance of a star 


s =s parallax, p^, by formula: 
in miles is related to its parallax, p^, by the nula 


Distance in miles = (206,265”/p”) x 92,900,000, 


where the numbers are the values of the radian and the earth's mean 
а Я istances ir ‘les wre x " ” 
distance from the sun. The distances in miles are so great that 


distance 


А 
ЭБ бе? 
Fic. 12-2. Heliocentric Parallax of a Star, 


“nr i > ar x Р; , 5 
larger units for expressing them are generally preferred. These 


are the light year and the parsec. 
g 


The light year is the RUNS traversed by light in 1 year. "This 
distance is found by multiplying the speed of light, 186.300 miles a 
second, by 3114 million, abont the number of seconds in a year. 
One light year equals 5.88 million million miles, or 5.88 x 1012 
miles, А star’s distance іп light vears is accordingly its distance in 
miles divided by this value of the light year; it is: 


Distance in light years = 377,96, p 
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The parsec is the distance at which a star would have a parallax 
of l second. A star's distance in parsecs is 1 / p^, the reciprocal of its 
parallax in seconds. Thus 1 parsec equals 3.26 light years. 

AS an example, consider the bright star Capella, having a parallax 
of 0".073. Its distance in light years is 3.260.073 = 45 light years, 
and in parsecs 15 1.0/0.073 = 13.7 parsecs. Hs distance in miles is 
45x 5.88 x 101° = about 260 million million miles. 

Fhe sun's mean distance from the earth in terms of the speed ol 
light is found by dividing 92,900,000 miles by 186.300 miles a second: 
it is 19814 light seconds, or 8.3 light minutes. The moon's distance 
from the earth is 1.3 light seconds: thus the echo of a radar pulse 


directed to the moon returns 2.6 seconds alter the pulse is sent. 


The average distance of P 


luto Irom the sun is 514 light hours. 


Fic. 19.3, Stars in the Pate, 

constructed at the Univer, Sp Хотой. Photograph of a model 

course, “The sun is at the ce a Visconsin by students in the elementary 

and Procyon are the large pee Alpha Centauri is below it. and Sirius 

; SOE stars at the right, (Washburn Observatory 
photograph) 8 
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12-3. The Nearest Stars. The sun's nearest neighbor among the 
stars is the bright double star Alpha Centauri. The den stars have 
a laint companion situated about 2? from them; it is known as 
"Proxima," because it seems to be slightly nearer us than they arc. 
The parallax of these stars is 07.760. so that E opone 3 43 
light ycars, or about 25 million million miles. If 36 м hd (үч 
is represented by a period on this page, Alpha Centauri № ould e 
shown on this scale by two similar dots 5 miles away. This is a fair 
sample ol the wide separation of the stars around us. CM 
More than two dozen stars are known to be хаа i a = 
from the sun. Although the bright stars Alpha Centaur i, окай 
Procyon аге included in this list, the majority и 
аге too faint to be seen without a telescope. We ase vb ж : 
stars differ greatly in intrinsic — so that a bright sta our 
РЕНН » nearer than a faint one. 
э ST à а determining the distances of stars by ob- 
иа де llaxes is limited to the nearer ones. At the distance 
of 300 light ss ele is only a Iep into spac » the parallaxes 
i it all to be measured reliably, Ways of finding the dis. 
Maayan Жук stars will be described later. 


serving their pé : 


tances of more 
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stars і егете directions relative to the sun 
н і sof > stars IN differe 
The motions of the s 


by the very gradual changes in their places in the heavens 

are shown by the very 8 

and by Doppler displa 
i " > stars 

also moving among the st 

rotating on their axes. 


cements ol their spectral lines. The sun is 
around it. Like the sun, the stars are 


Iotions of the Stars. Edmund Halley, 
с s ) 


whose name 
is the first, in 1718, 


to explain that the stars 

1 and some other bi ight 

are not stationary. | appare i a 

à had drifted as much as the apparent width ol 
ars had dr х i my" 

igned them in Ptolemy's early 
8 


12-4. Proper № 
sars, Wi 

ud »net bears, à Beo 
famous c He observed that Sirius 
the moon trom 


Catalog. Meanwhile, 
ns ol all lucid stars and of many 


rison of the 


the places ass 
the proper motio 


5 > 
become known by com] j 
ar apart. 


lainter ones have 
records of their places at dif- 


ferent times suitably Is the a gular 
The proper mou А 3 
I his cha IVE 


a star rate ol its change of 


place in the heavens. becomes so slow at greater dis- 
tances from us that the remote stars can serve 
stars, 


as landmarks to show 


the progress of the near! Затта star (] ig. 12-4) has the 
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largest proper motion. Named after the astronomer who first ob: 
served its swift flight, this faint star in Ophiuc hus moves among 105 
neighbors in the sky at the rate of 107,3 а усаг, or as far as the ap- 
parent width of the moon in 175 years. If all the stars were moving 
as fast as this and at random, the forms of the constellations would 
be altered apprec iably during a lifetime. W. Jy Luyten reports that 
the known motions of only 330 st; 


s exceed 1” a year and that the 
average for all naked-cye stars is not greater than 0.1 a усаг. In 


1894 1916 


"IG. . Ж : " ; nut [ 99 years 
e 12.4, Proper Motion of Barnard's Star. In the interval of 22 yea" 
"twee D ns 
»etween the two photographs, the star had moved an eighth of the moo 
apparent diameter. (Yerkes Observatory photographs) 


| = - о 
бев е mif а century the progress of very few stars is cnough t 
be detected without 


a telescope. 


2.5 А 
12:5. Radial Velocities of the Stars. 


7 The proper motion of а sta 
tells us nothing of 


radial velocity, oy 7 оопа уен ЕН iP sais a Ъ К 
Doppler effect “Же ocity in the line of sight, is revea e rd 
toward the violet e ) in its spectrum. If the lines are disp a 
& €nd of the spectrum, the star is approaching us: 

us. The diia tg ita the red end, the star is receding — 
" ?* the displacement is proportional to the speet 


if they are displ 


of approach or recession 


The spectra of two stars 


are shown in Fig. 12:5 with the bright 


Г and below them, Dark lines in the uppe" 
spectrum are displaced to the viole 


lines of the iron arc above 


5 t (left); the star is approaching 
us at the rate of 58 miles а second, The same dark lines in ihe 
lower spectrum are displaced to the red (right): the star is receding 
; ‚тй а, a g 
at the rate of 62 miles a second. These are unusually swilt motions. 
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Fic. 19.5. Dopple 
Spectrum the displacement of the 
the star is approaching the earth. 
to the red (right) shows t 


The radial velocities of mos 
excee i 
Xceed 20 mile second. 


12-6. The Sun's Motion 
Indicated by the 
In addition to 
‘The stars а 


their individual 
re spread- 
D apex of 


Motions. 
i i 
ng from the standart 


ihs ouni af j 

е sun's way (Fig. 12 6), the 
Point in the heavens toward 
whi i i i i 
‘hich the sun's motion !5 di- 


ected, and are closing in toward 


the antapex, the opposite 1 
t drift ol the celes- 
bserved by 
motions 


point. 


This apparen 
tial scenery may be о 
examining the proper 
various parts 
It is also ob- 
velocities, 


Ol many stars 10 
Ol the heavens. 
served in the radial 
greatest val: 


Which have their 

ues of approach in thc region 
of the apex and o[ recession 
around the antapex: these show 
well, 


Relative to the 


т Displacements in Stellar Spectra 


common drift of t 


stars around it, 


In the 


a : upper 
P : 1 : F per 
rors to the violet (left) shows that 
n a "ere i : 
arene the lower spectrum the displacement 
а e star is recedi i 

\ t star is receding from us. (David Dunl 
Observatory photographs) T 


t stars in the sun's neighborhood do not 


among the stars in our neighborhood i 
EE S : 
hese stars in the opposite direction 


Fic. 12-6 
Away froi 
Я m the Apex of uu 
зе Sun? 
Way. E 


Apparent Drift of Stars 


the speed 
‹ 
1 ol the solar motion as 


the sun with i i 
with its family of planets 
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is moving at the rate of 12 miles a second toward a point in the 
constellation Hercules, in right ascension 18^ 0" and declination 
+30°, about 10° southwest of the bright star Vega. When the drift 
of fainter stars is included, the apex shifts toward Cygnus, toward 


which the sun’s motion is directed in the rotation of the galaxy 
(17-10). 


12-7. Rotations of the Stars. Since the pioneer work of Otto 
Struve and С. T. Elvey at Yerkes Observatory, about 1930, the 
rotations of stars have been studied extensively by means of 


| Vt choad 


ы Te re 7 2:7. 


HC | !'!|] 3 


Fic. 19.7. 


" Spectra of Vega and Altair. "These are negatives. The widened 
lines in the spectrum of Altair show the rapid rotation of this star. 
(Yerkes Observatory photographs) 
the widening of 
axis of rot 
from 


| А к shere the 
the lines of their spectra. Except wher -— 
ation is directed toward the earth, the starlight con : 
д, Jens э c 
п : Source that is partly approaching and partly ar 
rom the earth, T „* г. > jer 
effect b h. Thus the lines are widened by the DopP 

c ап amou rotation 
nie y eo ee ake ИД depends on the speed of the rot 
and the direction of the axik 

Blue stars of the main seq... i eds 

i stars © main sequence are likely to have high spec 
of rotation, some exceeding 200 miles a second at their equa- 
tors. As an example, note the wide lines in the spectrum of 


Altair (Fig. 12 the period of rotation of this star is 6 hours, 
as compared with about a month ia 


the case of the sun. The 
narrower lines in the spectrum of Vega, also a blue star, sug” 
gest that its axis is directed more nearly toward. US: 
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Yellow and red stars of the sequence rotate more slowly, except 
where they belong to close binary systems; perhaps much of the 
original spins of the single stars now appear in the revolutions of 
their planets. Giant stars generally have slower rotations than cor- 
responding main-sequence stars, Conservation of their angular 
momentum required them to rotate more slowly as they expanded 
in their evolutions from the main sequence to the giant stage. 


12-8. Magnetism of Stars. The Zeeman effect (10-8) in stellar 
red by Н. W. Babcock at the Mount Wilson 


spectra was discove j 
His catalog of 1958 lists 89 stars definitely 


Observatory in 1946. 


showing this ev idence of magnetism, and many other stars that 


a RR ки. 9.16 
probably show this eflect. The majority are stars of type A (12-16), 
which have in their spectra narrow and unusually intense lines of 
nium and strontium, and of rare earths such as 


Metals such as chror А ны se 
presumed to be rapidly rotating stars viewed 


Curopium, They are 


pole-on. 4 1 1 how iodi 
idm " . vary strer E some S DEN 
The magnetic fields vary 1n strength, and som periodic 


reversals of polarity. As an example, the polan ae Seid of 
the star a? Canum Ven. ranges in cycles of 5% days between ex- 
tremes of +5000 and = 4000 gauss, valies that 2: Pi ione with 
the strongest magnetic fields of sunspots. M VIS ist extr eme the 
| a of the metals have their greatest intensity, and 
ie the lines of the rare earths are the most in- 
tense, "The explanation is proposed that these are effects of oscilla- 
vers ol the stars analogous to those in the mag- 


lines in the specu 
at the second extren 


tions in the outer li 
netic cycle of sunspots. 
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“Бї the stars are characterized by patterns of dark lines, 
Я s ol bright lines as well, on otherwise continuous 
‘The patterns are diflerent lor stars of dillerent 
Surlace temperature Thi Li : introduced by а briel account 
emical elements in the stars and their relation to 
absorb and emit. 


The spectr 
Und in some case 
bright bac kgrounds. 


of the atoms ol Cl 
the radiations they 


12.9, Constituents of Atoms. Atoms are composed essentially of 
electrons, protons, and. neutrons, The electron is the lightest of 
these constituents and it carries unit negative charge ol electricity. 
Vhe proton is 1830 times as heavy as the electron and carries unit 
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positive charge. The neutron has about the same mass as the proton 
and is electrically neutral. 

The atom consists of a nucleus surrounded by electrons. The 
nucleus ranges from a single proton in the ordinary hydrogen atom 
to an increasingly complex group of protons and neutrons in the 
heavier chemical clements. Each added proton contributes one 
unit to the positive charge on the nucleus. In the normal atom 
the nucleus is surrounded by 
number to the protons, so th 
neutral, 


negatively charged electrons equal in 
at the atom as a whole is electrically 


12-10. The Chemical Elements, Table 12-1 lists the names, sym- 


bols, atomic numbers, and atomic weights of the 26 lighter elements, 
from hydrogen to iron, 


TABLE 12.I Tue Lic 


eee e HTER CHEMICAL ELEME? 
EUREN cece — _———== = 
Element | Sym- | Atomic Atomic р | Sums | Айе. | Atomic 
| bol | Number Weight | Elément bol | Number | Weight 
tempe rec ce. || m pw 
| | D ИСЕ 
in з | 1 | 1.0080| Silicon | Si 14 ee 
Lithi T 2 4.003 | Phosphorus | P 15 ge ó 
m Li з | 6.940 | Sulfur s 10 | 32.06 
Beryllium | Be 4 | 9.013 || Chlorine cl 17 | 35,457 
Boron B 5 (10.82 || Argon 18 | 39.944 
е 9 6 12.01 | Potassium | 19 39.100 
Oui. ы 7 114.008 | Calcium 20 Et 
Fluorine T 8  |16.0000 | Scandium a1 | un я 
Меоп > 9 19.00 | Titanium | 22 47.90 
Sodium We | 10. (20.183 | Vanadium. | V 23 |50 E 
Magnesium Mg n | vm Chrümium СЕ xi epe 
Aluminum Al 1$ | 24-32 | Manganese | Mn 25 ey 
е | 26-98 | Iron | Ee 26 ao 
ro Д | | jac 


The atomic n i 

umber of a A 
ө Ў ап eleme i > ber of protons ! 
the nucleus and also the E И | 


е Number deni around the nucleus 
of the normal atom, All SP oe ips a 


belong te the samed | atoms having the same atomic number 
8 to the same chemical Clement. Of the 102 recognized ele- 


ments » bey NT A 
ents, those beyond “ranium, number 92, were first identified in 


the radiation laboratories, 
The atomic weight is the rel 


à ative mass of the atom; the unit em- 
ployed in the table ass OF the 


is one sixte — 
One'sixteenth ithe алсы of the average oxygen 
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atom, taken as 16.0000. The weights given here are generally the 
averages for two or more different kinds of atoms, or isotopes, of the 
same clement having different numbers of neutrons in their nuclei. 

Hydrogen comprises about 93 per cent of all the atoms and 76 
per cent of all the mass of material in the stars. Helium is second 
with about 7 per cent of the atoms and 23 3 per cent of the mass, All 
the other clements together contribute only a little more than 1 


per cent to the mass of the stars, 


12-11. Model of the Hydrogen Atom. The ordinary hydrogen 
atom consists of one proton attended by a single electron. In the 
conventional model proposed by the physicist Niels Bohr in 1918, 


almer. 
Вагте5 


tional Representation of the Hydrogen Atom. Possible 


Fic, 12. 2 n 
б. 12-11. Conve 1 the nucleus are shown as circles, 


orbits of the electron arounc 
around the proton in one of a number of per- 
atom can absorb energy, as from light. that 
e amount required to raise the electron 


the electron revolves 
mitted orbits. The 
Strikes it, only in the preci he 
against the electrical attraction of the oppositely charged proton to 
One of the outer ог bits. Such absorption produces a dark line at 
length in the spectrum of the light. 


the appropriate wave | 
Although one hydrogen atom with its single electron absorbs only 


One dark line at a time, the many atoms in the atmosphere of a star 
can produce together the series of all permitted lines. The partic. 
ular series where the electrons are raised from the second orbit of 
the Bohr model (Fig. 12-11) is known as the Balmer seri Its first 


s. 
line, Eia. is in the тей region of the Spectrum and its second line, 
Hg, is in the blue: -green. From there the lines continue with dimin- 
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ishing spaces between them to a head in the ultraviolet. More than 
30 lines of the Balmer series are recognized in the spectra of bluc 
stars. | uM" 

The Lyman series, based on the innermost Bohr orbit, is a m 
array of lines in the far ultraviolet; it is recorded as a series о 
bright lines in the spectrum of the sun photographed from rockets. 
The Paschen series and others are in the infrared. 


12:12. Atomic Models of Other Elements. 


Fach step in the suc- 
cession of elements he 


i i in the 
"er than hydrogen adds one proton in t 


3 кт Thus 
nucleus of the atom and one electron in the superstructure, I 


HELIUM (2) LITHIUM (3) BERYLLIUM (4) 
NEON (о) Soo (i) MAGNESIUM (12) 


9.19 
Fic. 12-12. Electron Structures of Some Lighter Atoms. 


the normal helium atom h 


im 
has three, 


І . ithit 
pa 75 Wo protons and electrons, and litl 
The electrons ol 


places systematically in shells, 
The shells are filled in order 
electrons in cach, whe 


ár 
$ Ww e the 
the growing population tak 


à - orbits- 
Which are the same as the Bohr ot е 


Э y g^ 
of distance from the nucleus by 


TP go Thus 
, TC n is the Number of the Bohr orbit. ГІ d 
the first shell is filled by 2 electrons, the second by 8 electrons, ап 
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зо оп. A filled shell will not receive more electrons and is reluctant 


to release any that it possesses, 

The electron structures of a few normal atoms are shown in Fig. 
12-12. The helium atom has its two electrons locked in its filled 
innermost shell, which is not easily broken. ‘The neon atom has 
two filled shells and is also relatively inactive. The lithium and 
sodium atoms each have in an outer shell a single electron that can 
be readily removed, These few examples will suggest that atoms 
of the dillerent chemical clements in the atmospheres of stars in the 
same conditions may not be equally eflective in producing lines in 
their spectra. We see presently that the different patterns of lines 
in stellar spectra аге determined mainly by the different tempera- 


tures of the stars. 


19-13. Neutral and Ionized Atoms. The neutral atom has its full 
2-18. 

The normal atom has its electrons at the lowest 
12-12, whereas the excited atom has ab. 


quota of electrons. 


possible levels, as in Fig. < 
sorbed energy to raise one or more electrons to higher levels, 


The ionized atom has lost one or more electrons. It has absorbed 
enough energy to expel these electrons beyond its outermost orbit, 
They have become free electrons, free to move independently until 
they are captured by other ionized atoms. е singly RHONE atom 
lias lost a single electron and thereby has acquired a single unit 
positive charge ol electricity. The doubly ionized atom has an 
excess of two positive charges. Each successive ionization makes the 


А ›?хсие 
atom more difficult to ехси 


or to ionize further. 


12-14, Thermal Excitation and Ionization toms of gases in the 
atmosphere of a star may be excited or ionized by the star's radiation 


imparted by collisions with other atoms, The latter 


or by energy 
is thermal excitation and 
the gas and 
nd for a particular temperature (2) as the electron 


ld by the atom. 


ionization. Its extent is greater (1) as the 


temperature ol thus the violence of the atomic col 
lisions is greater: it 
is more loosely he носии E 

s required to lone an atom is pictured in terms of an 
o 


The ene ú я 
atom, as a number of electron volts; it is 


ga T he 
electron colliding with = 1 
equivalent to the energy an electron acquires when it is accelerated 


across a difference of a specified number of volts, For а [ew elements 


represented by prom : 
numbers of neutral atoms АГС: sodium, 5.1; calcium, 6.1: iron, 7.8, 


inent lines in stellar spectra, the ionization 
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i 5 i eS are 
hydrogen, 13.5; helium, 94.5. The corresponding numbers | 
itati i " stage: ionization. 
smaller for excitation and larger for higher stages at ioniz ces 
With this introduction it is in order to describe and inter pret 
classification of stellar spectra. 


aliyi ʻo 

12.15. Photographs of Stellar Spectra are taken generally in ie 
; SECO be at ШЕ 
different ways. One method employs the slit spectroscope at : 
: / 5 ; a > spectrum 

focus of the telescope. It permits wider separation ol the spectru 


Fic. 12.15, FO , Й : sepheus- 
ОМесцуе Prism Spectra of Stars in a Region of Се} 
arner and Swasey Observatory photograph) 
lines and the record; : the 
а есо adjacent to 
e h ording of a laboratory spectrum adjacen | for 
азан ЕС йт (Fig. 12.5 This method is accordingly uscfu 
А 2 lee tts: me 
- and Doppler shifts of the lines: but it is 
"e | 81%е5 the spectrum of only one star at é ie 
n the second method 4 Jan И i „Ж acec 
fr a ? large Prism of small angle 1% р! be- 
Tont of the telescope objective, so that the whole apparatus 
5 р а 3 ә 10- 
without slit or collimator. A single pe 
T x Н 1C 
tra of all stars of suitable brightness in ; 1 
5. жайы mw Р s uselu 
the telescope, This objective prism type 1s use 


measuring way elengths 
consuming because es 


comes a spectros ope 
graph shows the spec 
held of view of 
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in qualitative studies of many stars, as in the classification of stellar 
spectra, 

Studies of stellar spectra in objective prism photographs were in 
progress at Harvard Observatory as early as 1885. A result of these 
studies is the Henry Draper Catalogue, mainly the work of Annie die 
Cannon, which with its extensions lists the positions, magnitudes, 
and spectral types of 400,000 stars. The Harvard types, together 
with the more recent luminosity classes (12-24), remain the criteria 
in the present classification of stellar spectra. 


12-16. Types of Stellar Spectra. The Harvard classification arrays 
the majority of the stars in a single continuous sequence with re- 
spect to the patterns of lines in their spectra. Seven divisions of 
the sequence are the principal spectral types. These are designated 
by the letters О, B, А, F, G, K, and M, and are subdivided on the 
decimal system. Thus ап А5 star is halfway between AO and FQ, 
Ё as they appear in the violet 


Some features of the principal types 
and blue regions of the spectrum, are the following: 

Type O. Lines of ionized helium, oxygen, and nitrogen are 
prominent in the spectra of these very hot stars along with lines of 


hydrogen. 
Type B. 
then fade, until 
lines increase in stre 
Spica and Rigel. 
Type A. Hydroge 


" the 
through 
2 Thus far the stars are blue. 


T F. Lines ol meta ising in strength, notably the 
‚фе Г. 2 S re Р МД, Monte a 
yp Hand К of ionized calcium. ‘These are yellowish stars. 

and Procyon. 


Lines of neutral helium are most intense at B2 and 
at B9 they have practically vanished. Hydrogen 
unples are 


ngth through the subdivisions. Е 


n lines attain their greatest strength at A2 and 
remainder of the sequence, 


; unples 
then decline 1 


are Sirius and Vega. 


ils are incr 


Fraunhofer : 
Examples are сиыр, 4 
T. а etallic lines 4 
Type G. Meta А : 6 
а of these yellow stam The sun did Capella belong to this 


type. 
Type K. 

Bands of cyanogen 

These cooler stars 


are numerous and conspicuous in the 


atals surpass the ROSEN: ines ir cie 
Lines of metals 1 the hydrogen lines in strength, 
and other molecules are becoming conspicuous. 
are reddish. Examples are Arcturus and Alde 
baran, Е А 6 
Туре М Bands of titanium oxide become stronger up to their 
‘pe M. Bands А S { Ы i 
mamm st M7 Vanadium oxide bands strengthen in the still 
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a 4668 
24227 G Hy 2.4105 » 4668 


Т иши "шаш 

ПШ, A m 
айт! ИШ!!! | \@ 
И — ЦІ TP rmm 


1 

H 
H 
1 


Еш. 19:19; Sequence of Stellar 
and Blue, (Photographed at th 


Spectra. Types B to M, in the Violet 
e University of Michigan Observatory) 
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cooler divisions of these red stars, Examples are Betelgeuse and 
Antares. 

Four additional and less populous types branch off near the ends 
of the sequence. Type W near the blue end comprises the Woll- 
Rayet stars, having broad bright lines in their spectra. Near the 
red end, types R and N show molecular bands of carbon and 
carbon compounds, and type 5 has conspicuous bands of zirconium 
oxide. 


12-17. The Sequence of Stellar Spectra (Fig. 19-17) is in order of 
increasing redness, and therefore of diminishing surface brightness 
of the stars. The progression in the line patterns is not caused 
mainly by difference of chemical composition: helium is not more 
abundant in B stars, nor is hydrogen in A stars. The lines of the 
different chemical elements become strongest at temperatures where 


their atoms in the stellar atmospheres are most active in absorbing 
the starlight. л A . X : 

The compact neutral helium atoms imprint their dark lines at 
the high temperatures ol B stars. Hydrogen is most active at the 
more moderate temperatures of А stars, although the great abun. 
ible throughout the sc. 


dance of this element makes its lines vis ; S 
quence, Neutral atoms of the metals are more easily excited, so 
that their lines are strongest in the spectra of the cooler yellow and 
red stars. At higher temperatures the atoms of metals are ionized 
and have their stronger lines in other regions of the spectrum, 
s in the relatively cool atmospheres 


Atoms can assemble into molecul 5 ; | 
bands of titanium oxide are conspicuous in the spectra 


of red star’ 
ol M stars in the figure. 
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» ries ; > 
In his star catalog ol 18 CELOTE 150 Ptolemy Save estimates of 
brightness of the stars to aid in their identification, For these esti- 
mates the stars were divided into six Classes, or 


magnitudes, in order 
The brightest stars were 


of brightness. - assigned to the Ist magni- 
tude Somewhat les bright stars. such as the pole star, were of 
the 2nd magnitude. Each Эче бей class: consid fainter stars 
than the one belore. until the 6th magnitude remained for stars 
barely visible to the unaided eve, 

The original magnitudes of the lucid Stars continued in use up 
to recent times, and the plan was extended somewhat arbitrarily to 
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include fainter stars brought into view with got к е 
precise plan of magnitudes was proposed in 1856, w m ub E 
ness of stars had begun to be determined more ac urate у 
becoming an important factor in astronomical inquiries. 


12-18. Apparent Magnitudes. Two stars differ ‘ia cas cei 
plan by exactly 1 magnitude if their ratio of Брак ы santa 
ber whose logarithm is 0.4; this ratio is the number EA i. Ка 
star of magnitude 2.0 is about 214 times as bright as a stai doc 
nitude 3.0, more than 6 times as bright as опе of d qaem d 
and so оп. Stars down to the 19th magnitude are visible wit h i 
200-inch Palomar telescope, and st agnitu 


ars almost as faint as m 

24 can be photographed with this telescope. ? star 
Because the very brightest of the original Ist-magnitude л дел 

visually more than 214 times as bright as a standard star RE cie 

nitude 1.0, such as Spica, these are now promoted to sess 

nitudes. The magnitude of Vega is 0.0 and that of Sirius is 1 

1.4. 


s are 


These apparent magnitude 
stars, They may be 
photographs and tot 
methods, 


i ss of 
s refer to the observed риш * 
5 а agnitude 
determined to hundredths of a pie eluate 
— ci о 
housandths by the more precise ph 


"ийе of 
12-19, Magnitudes in Different Colors. "The visual OD a 
а Star refers to its brightness as observed with the сус, whic grum 15 
Sensitive to yellow light. The photographic magnitude The 
the star’s brightness as recorded in a blue-sensitive photograph. ae 
magnitudes differ in the two cases by an amount that re a as 
the color of the star. Note in Fig. 12-19 how much Ош i 
indicated by its smaller image, a red star appears as photogral 
in blue than in yellow light. 
Present studies often 
colors. The Magnitud 


suitably stained pl 


ar in several 


мее k Ыы Н 5 a st М 
require the magnitudes of s with 


Н 2 )h 
€s may be measured in photogra] 


fi s > light 
а Pates exposed behind filters that transmit the 4n 
of different regions of the spe 


Photoelectric cell and filters, 
ured around specified w 


ў -ecisely with 
ctr г more precisely ee 
trum, or 1: 1 má 


ES р e generally 
The magnitudes are generally visual 
avelengths in the ultraviolet, bluc, BT 
or vellow, red, and infrared, апа are denoted by the letters U, ear 
ч \ : 1 > дген) 
R, and J. The magnitudes OF Standard stars are being carel 


Я i К р ау Кеер 
determined in the different colors, so that all investigators may Кес] 
to the same color systems, 
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The color index of a star is the difference of its magnitudes in 
two selected colors. Its value is given most often as the difference, 
В — V, between the blue and visual magnitudes. The color index is 
then a numerical expression of the star 


color. Taken as zero for 
stars of spectral type AQ, it is accordingly negative for the bluest 
stars and attains a positive value of 2 magnitudes or more for the 


ON ars Fainter in Blue (left) than in Yel] 
ч f A Red Star Appears Fainter in Blue (left) t cllow 
eit take (СЫ; (Yerkes Observatory photographs) 

AB 8 


‘The observed color index of a star may exceed the 


reddest ones. t 
the particular spectral type because of reddening 


normal index for У wi 
of the starlight by intervening cosmic cust, 
Stars, ) 


12-20, The Brightest Stars. The 22 stars listed in Table 12.1] are 


nt visual magnitude +1.5 and are sometimes 


brighter than appar i 
l "stars of the first magnitude," although they 


КП range through 
nearly 3 magnitudes. The visual (I) and photographic (B) mag- 
nitidus were measured photoelectrically with filters by H. E. John: 


son, The colors are shown by the color indexes, 

son, à E 

в y, which can be read from the table. “The p 
— Г, м B ; рк nv. 

ative color indexes, are Alpha 


the differences 
uest stars, having 
the largest neg D and Beta Crucis and 

“The reddest are Betelgeuse and Antares, w 
The spectral types 
system (12-24); 


Spica, lich have the larg- 
and luminosity classes are 


where the star is double, 


€st positive indexes. 
on the Morgan-Keenan 
they refer to the brighter star of the pair. 

e Miis xp bi М аиа range in distance from 
Us, as the parallaxes И the table show, Alpha Centauri, Sirius, and 
Procyon are among the nearest stars. Rigel, Bete geuse, and Deneb 


are the most remote 1n the list; they are evidently very luminous 
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to shine so brightly in our skies. The significance of the last column 
of the table is explained in the following section. 

Sixteen of the brightest stars are visible in their seasons through- 
out the United States. The remaining six become visible south ol 
the following north latitudes: Canopus, 38°; Achernar, 33°; Alpha 
and Beta Centauri and Beta Crucis, 30°; Alpha Сие, 289, ог 
about the latitude of Tampa, Florida. 


12:21. Absolute Magnitudes. The apparent magnitude of a star 


2 4 2 star's in- 
relates to its observed brightness. “This depends on the star's 1 


Tape 12.1 Tin Bircirresr STARS 


—— 
| 
| Apparent | 
Name Spectrum Visual | Parallax | ч 
Magnitude, Мадан 
ee ү ы Ne 2 ч з э 
Sirius | Atv “ы idi 0”.379 41:5 
Canopus | FO [a ~0.73 —0.58 .018 —4.4 
"e Centauri G2 V —0.27 +0.39 „7060 Tec 
Arturus | K2 IHE | ооо 1.7 vd dc 
Vega AU V +0.04 +0.04 дай p c ):6 
Capella (G0) 0.09 0.89 .073 | um 
Rigel B8 Ta 0.15 0.11 2005 mi 
Procyon | Fs Iv 0.37 0.78 288 | 57 
Achernar | B3 V 0.53 0.37 ,023 EAD. 
*8 Centauri BO V 0.66 0.45 .016 Ei 
* Betelgeuse M2 І 0.7 2.6 .005 =ne 
Altair A7 IV 0.80 1.02 ‚198 ae 
y Aldebaran | Ks рр 0.85 2.37 .048 mu 
ави: BOY 0.87 0.63 2015 || =%— 
4% Antares M1 Ib 0.98 2.78 .019 |  —2.6 
Spica Bl у 1.00 0.77 .021 —2.4 
Fomalhaut | A3 V А | +2.0 
1.16 1.25 144 
Pollux кош f +1.0 
1.16 2.17 .093 

Deneb A2 In 1.35 i35 .000 Мый 
B Crucis — bo IV idi rm Cuin —%5 
Regulus B7 V 1.36 1.25 “039 —0.7 
«Can. Maj.| B2 II 1.49 Е (2012) zd 


4 Visual double star with brig 


ined 
magnitudes are given. 


htness difference. less than 5 magnitudes: com! 


* Variable star. Visual magnitude ra 


г > Aldebaran: 
м nge for Betelgeuse. 0.4 to 1.0; А 
0.75 to 0.95; Antares, 0.90 to 1.06. Еи 
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53 
trinsic brightness, ог luminosity, and its distance from us. One 
star may appear brighter than another only because it is the nearer 
of the two; thus Sirius appears brighter than Betelgeuse, although 
the latter is actually many times the more luminous. In order to 
rank the stars fairly with respect to luminosity, it is nec 


гу to 
calculate how bright they would appear il they were all at the same 
distance. By agreement the standard distance is 10 parsecs, at 
. ja . 71 
which the parallax is 07.1. 
The absolute magnitude is the magnitude a star would have at 
secs, or 32.6 light years. The relation is: 


the distance of 10 pi 
М=т+5 – 5 log r, 


where M is the absolute magnitude and z» is the apparent magnitude 
at the distance r in parsecs. The absolute magnitude has the same 
character as the apparent magnitude from which it is derived, 
whether visual, photog iphic, or some other kind. 

‘The sun's absolute visual magnitude is 44,8. At the moderate dis. 
39.6 light years the sun would appear as a star only faintly 
Note in the last column of Table 12. ]] 


tance of 
Visible to the unaided сус. Ist colu | 
that the apparently brightest stars are all intrinsically brighter than 
the sun. 


Stars of the Main Sequence. When the spectral types of 


12.22 i 
d with respect to the absolute magnitudes 


stars around us are plotte ey ; i 
[ul tars, as in Fig. 12:22. the majority of the points are arrayed 
Ol these stars, as р М А с; 
in band running diagonally across the diagram. This band is 
a ba ! 


known as the main sequence. The middle linc of the b 
from about ab 
+10 for red stars. р 
‘The sun, a yellow star of class G2 and absolute 
re sun, а J 
44.8, is a main-seque Stars of the sequence 
luminous than the sun because they are hotter 
the sequence are less luminous 
and smaller Remembering that the sun at the 
OU ЧОЙ O ; t 
e of 32.6 light years would be only faintly visible 
we understand why the 


and drops 


solute magnitude —3 for blue stars to fainter than 


Visual magnitude 
nce star, as we see. Blue 


are more 
Red stars ol 
they are cooler 
Standard distanc 


to the unaided сус, | | 
аг Н isible without a teles » 
are generally invisibl cope. 


ind larger, 
than the sun because 


red stars of the sequence 


12-23. Giant and Dwarf Stars. Since its introduction, in 1913, by 
H. N. Russell, the spectrum-absolute magnitude diagram. often 
known as the H-R diagram, or the similar color-magnitude diagram 
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PS де 


| : - SUPERGIANTS 


GIANTS 


+5 


ABSOLUTE VISUAL MAGNITUDE 


+10 4 
WHITE DWARFS А 

+15 
0 В А Е G K M 


SPECTRAL TYPE cd 
Ў Я unte Vieni Array 
Fic. 12.99, Absolute Magnitudes of Stars in the Sun's hope P ad 
with Respect to Their Spectral Types. The point at magnituc н бш к, 
Gets i 
type G2 represents the sun. (Diagram by W. Gyllenberg, Lund Обе 


гулаг 

A ы A ; " ‚аг. Е} 

Part in dirce ting the studies of the маг um 

ovi : . ; un 

“tously drawn attention to a sharp dis iiem 
eue " amec 

and low luminosity, and had name 


stars warf stars 
н Stars, respectively, The original term du "ii han 
IE commonly used today to denote tha 


about absolute magnitude +], » the 
white dwarf stars. 

Giant stars, such as G 
luminous th 


^ ars fainter 
main-sequence stars a 
^ applied te 
but is not generally applico 


apella and 


more 
an main-sequence st 


Arcturus, аге sansitera Dby “hey 
"De. 1ej 
175 of the same spectral type. T je 
as i T T » Sc > ty’ 
as in brightness. All stars of the same ty] 
Т of surface temper: 


are giants in size as well 
have the same orde ature, and therefore of sur- 


MAGNITUDES OF THE STARS 255 


face brightness per square mile. If one type M star, for example, 
greatly surpasses another in luminosity, its surface must contain 
many more square miles; its diameter must be much the greater. 
Giants in the sun’s neighborhood are mainly red stars. 

The dots near the top of Fig. 12-99 represent the very large and 
luminous supergiants. Those near the upper right corner denote 
the largest stars of all. The red star Betelgeuse is one of these: it 
has several hundred times the diameter of the sun. Subgiants are 
between the giants and the main sequence. Subdwarfs are somewhat 
below this sequence. Dots near the bottom of the diagram repre- 
sent a few of the white dwarf stars (16- 13), some of which are yellow 
and even reddish. These very faint stars are smaller than the larger 
planets. 


12.94, Luminosity Classes of Stars. The surface temperatures and 
2.24. н 

normal color indexes of stars at intervals along the spectral sequence 

are shown in Table 12-III. The temperatures, as assigned by P, С, 


Tapte 12-111 EFFECTIVE TEMPERATURES AND COLOR INDEXES 


Main Sequence Giants 
Color Spec- 
кор Spec 
Spec- | Tempera Index ten n Color |, Color 
trum ture у Тетрега- Тетрега- 
B- Index Index 
ture ture x 
B-V B-V 
aes | mag. 
» F5 6.600°К | +0.44 | 6 470* K | 
БИЕ RE . 
Wo |20'000 | 0.32 | со (eom | +060 | § 39 
Bs | 15,600 | —0.16| G5 | 5.520 +0.68 | 4.650 
Ao |11.000 0.00 | KO [5,120 | +0.82 | 4.200 
as [атш |+015| KS |440 |ы „| 
FO | 7.600 +0.30 MO 3,600 +1.45 | 3,340 | 
Fs | 6.600 | 40.44] М5 |........ *1.69 |2,10 | 


Keenan апа W. W. Могвап, are tied to an adopted temperature of 
5730° K for the sun, type 62. Diminishing temperature is mainly 
responsible for the succession of Spectral patterns, as has been said, 

Note in the table that the temperatures ol yellow and red giants 
are lower than those of main-sequence stars of the same spectral 
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type. The reason is that the giant stars ате Ше не е bens 
their atoms attain a particular degree ol ionization ata ROSE eb 
perature. Although the spectra of giants and төшен ме 
of type КО, for example, are similar in general, particular ч! - 
may be considerably different. Some lines become stronger а | 
others weaker as the stars are more luminous. Thus a complete 


SM . А : ; А ШЇ ШҮ 
description of a star's spectrum is obtained by adding its lun ) 
Class to its spectral type. 


1 ч аге тей in 
The luminosity classes of Morgan and Keenan аге ~~ ene 
ч Н odd М ды: ave the leis 
order beginning with the most luminous stars, which have t 


E roii tars, la 
dense atmospheres. The numeral I relers to supergiant s 
for the more luminous and Ib for the 


/ 
refers to bright giants, III to normal giants, IV to subgiants, and М 
to main-sequence stars. Thus the two-dimensiona! designation ы 
Table 19.1 for Deneb is A2 Ja; Antares, MI Tb; Epsilon Canis 
Majoris, B2 II; Aldebaran, K5 HIE: P 5 IV; Vega, M) V. 


less luminous supergiants; 


rocvonl, 


Questions ох Guarire 12 
z " ; “s of stars. 
1. Describe the oat alla Я suring the distances € 
ia H X method ol me B 
Why is it ellective only lor the nearer stars? s distance is 5 
sti 
ах ol Altair iy 079, Show that the stars di 
r 16 light years, or about 100 million million pen yf a star. 
Зд! f ане э id ‘locity of ws 
3. Distinguish between the proper motion and radial velocity 
Explain how each is determined. y the 
ч " it revealed by t 
1. How is the sun's motion relative to stars around it revei 
Proper motions of these stars? by their radial velocities? | spectrum 
" і ы, > ано 5 
5. Explain that stars in rapid rotation have noticeably widened 5] 
lines if the rotation axes are not nearly in the line ol sight. features are 
5, Syra ^ en са я 
6. State the type of stellar spectrum in which the following у lines ol 
аи (а) lines of neutral helium: (b) hydrogen lines: ( 
neutral. metals: i 
su netals; (9) molecular bands. |, explain 
1 E ME apparent magnitude of a star has been PADRE tance is 
ati (i y : E ; Е "s dist: 
that: (a) the absolute Magnitude can be calculated if the star's € 


know 3 : di itude 15 
known, or (b) the distance сап be calculated if the absolute magniti 
independently known, 


8. What is g 
than their 


2 The parall 
parsecs, о 


ained by com 
apparent magnit 
9. The sun is a type G2 
10. Show that a gi 


Paring the 
udes? 


Мат of the main sequence. Explain. 
ant star should 


1 be larger than a main-sequence 

of about the same spectral type, 
11. Note in Table 12-11 that 
(type BI) and Antares (type 
magnitudes are 


eather 
, ars ratl 
absolute magnitudes of stn 


star 


the 


Р е Spica 
photographic magnitudes of 5} 
M1) diffe 


2 visui 
T considerably although the 
nearly the same. Explain 
12. Define: Color index, 


/ itive je a5 
Why does it have a greater positive valu 
the star is redder? 
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DOUBLE AND VARIABLE STARS 


BINARY STARS — ECLIPSING VARIABLES — PULSATING 
VARIABLES — ERUPTIVE VARIABLES 


Binary stars are physically associated pairs of stars. In vm 
pairs the components are far enough apart to be separated we p 
telescope; in other pairs the presence of the companions юкә 
detected only with the Spectroscope. Some SpEebrossopis ien in 
mutually eclipse as they revolve, y periodica J 
brightness. Many single st 
because they are puls 
ascribed at least in р 
high above them, 
stars. 


so that they v: ? in light 
ars аге intrinsically variable іп AE 
ating. The variations of large red plats 
art to their variable veiling by clouds ern 
Spectacular variations are exhibited by erupti 
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t 
А : aided eve tha 
13-1. Visual Double Stars arc single stars to the ets vin in 
аге separated into pairs with the telescope. Mizar, lem in 1650, 
the Great Dipper's handle (Fig. 11-8), was the first of these, 


1908 


1915 1920 


и ; А » double 
Fig. 13-1. Binary Star Krueger 60, Between 1908 and 1920 the aces 
РОЧ. s $ Ж Ic = 
Star, in the upper left corners, completed about a quarter of a revolu 

See also Fig. 13.93 | 


(Yerkes Observatory photographs) 
to be reported casually; 


y "wo Stats 
the only Connection between the two 
of such pairs was beliey, 


‘е nearly 
ed to be that they chanced to have ne к. 
; ) 4 Canta 
us. Castor, Beta Cygni, and Alpha т 4 
Р : j а “уб Mr ее >] ha 
меге оїһег early known examples, Ву 1803, William Herschel 
determined from repeated obsery 


the same direction from 


Jap lastor 
ations that the two stars of Cas 
258 
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were revolving around a common center between them. He then 
made the distinction between “optical doubles” and “real doubles.” 
The latter, now called visual binary stars, are in the great majority. 

A total of 40,000 visual binaries are recognized, mainly by the 
common proper motions of the component stars. About 2500 
binaries have had time since their discoveries to show evidence of 
orbital motion, and 10 per cent of these have progressed far enough 
in their revolutions to permit rcliable determinations of their orbits, 
Pairs having the smallest separations, which are likely to go around 
most rapidly, can be observed satisfactorily only with long-focus 
telescopes. -— . k 

The presence of additional stars in binary systems is not excep- 
tional. Alpha Centauri is representative ofa common type of triple 
systems. The double-double Epsilon Lyrae is a familiar example 


of quadrupal systems. 

13-2, The Apparent and the True Orbit. The position of the 
Йир star of a visual binary relative to the brighter star is denoted 
by the position angle and distance. The position angle is the angle 


Fig, 13.2, Orbit of Krueger 60. Relative apparent orbit of the fainter 
` ý star. Compare with Figs. 13-1 and 13-93, 


at the brighter star between the directions of the fainter star and 
the north celestial pole; it is reckoned in degrees Irom the north 
around through the east. — Fhe distance is the angular separation 
of the two stars. The position is measured micrometrically either 
directly at the telescope ОГ in а photograph where the separation is 


wide enough. 


260 DOUBLE AND VARTABLE STARS 


When the recorded positions have extended through a бй 
able part of the period, the relative apparent orbit ol the fainter 
star is an ellipse that best represents the observed pasion and н 
which Kepler's law of areas (7*6) is maintained in the motion ийиш 
the brighter мат. The apparent ellipse is projected on the ane 
tangent to the sky, and [rom it the true ellipse having the brighter 
star at one focus is readily calculated. Р 

The elements of the relative true orbit are the specifications ol 
the true ellipse, such as its eccentricity, inclination to the plane ol 
the sky, and angular size, or the linear size il the distance [rom us 
is also known. When the revolutions of both stars have been ob: 
served with reference to stars nearby in the photographs. the sepit- 
rate orbits can be determined: these difler Irom the relative orbit 
only in size. 


13-3. Examples of Visual Binaries. aie 


Some characteristics of 
visual binaries are shown in T 


able 13-I, which is taken mainly from 


TABLE 13-1 


Orurrs or Visit BINARIES zz 
—==== 
——Є—-: == === [ 
== 
| | 
| Period | ЗЕТ | ponen. | Parallax | Masse 
Name | Visual | Major анну 
| Magnitudes Axis тә 
| P a e b ш; 
| - 
P | 
BD —8° 4352 10.1 10.3 0” .22 0^.157 
Delta Equulei 5.3 5.2 0 .26 | 0.39 052 
42 Comae 52 52 5. 0. 68 ‚52 058 Е 
Procyon 0.4 10.6) 40.6 | 4 .55 31 287 | 1.8 0.2 
Krueger 60 9:4 33 | Т Ел al 258 |0.3 n 
Ке ^Y "rd 49.9 | 7 .62 z “ane A 0.9 
Alpha Centauri ў м . А 
pha Centauri 91 1,4| ву 17 .66 .52 700 | ! M 
2.0 74 (3. 
2.8 | 380 5 .84 37 d 
ee 
й “ш al Rabe: Hi, ; A w binaries 
à more extended table by p, van de Kamp. The first two bin 


in the list have unusually 


semi-major a 


xis ol 


an orbit ma 
by dividing the tabular y 
the mean distance be 
slightly more than 
the components of Castor 


ы М 4 "Y yu gn mulat 
short periods of revolution. Ihe ang 


+ al d 
y be converted to astronomical 
alue by the 


tween the stars 
the carth's dist 


Corresponding parallax. 
of the binary BD -8 

ance from the sun, and that 
iS twice Pluto’s distance from the suh 


mits 
‘Thus 
1352 is 


ol 
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‘The separate masses of the stars are given in terms of the sun’s 
mass, except that the values in parentheses are the sums of the 
two masses. 


13-4. The Companion of Sirius. One of the nearest stars, the 
brilliant Dog Star, Sirius, drifts in the heavens three fourths the 
apparent width of the moon in 1000 years, As сапу as 1814, F, W, 
Bessel at Königsberg discovered that it is pursuing a wavy course 


5 


PERIASTRON 
1944 


1960 


N 1950 


Relative Orbit ol the Companion of Sirius. The 


Fic a. / arent : 
ш. 1344. Appa rated in 1944. 


stars were least se] 
the uniform motion of a single star. He D 


instead. of. having н ке * 
ually revolving with a traveling Companion: 


cluded that Sirius is mut : 
and its orbit with the still unseen companion was derived in 1851. 


——À 169 r: М D 
‘The companion was first seen, in 1862, by the American optician 


Alvan Clark, who was testing а new lens, now the objective of the 
igi the Dearborn Observatory, 


revolves ina] 
tricity (Fig. 1 
dearly visible with large telescopes except when the two stars are 
the least separated. The latest peristron passage occurred in 1944 
and the widest separation will come next in 1969, The companion 
ol Sirius was among the first to be known of the white dwarl stars 
(12-23), 

The companion of Proson was likewise discovered by Bessel Irom 


inch telescope at - The companion 
ier 50 years and 1n ai i s “ы 
yeriod ol 50 y t orbit of rather high eccen- 


3.4), Despite the glare of Sirius, the companion is 


its gravitational eflect ОП the proper motion of the bright star; it 
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5 recent similar case 
i eles i 96. A recent simi 
/ "ith the telescope in 1896. 
was first observed with i i i i Mio Gui eae Банни 
is the companion of the faint red star Ross : prem engen 
by S. L. Lippincott at Sproul Observatory and was la : 
bs "alter Baade with the 900-inch telescope. 
photographed by Walter Baade with the 2 шеш lo dus 
Unseen companions of other stars have been detec À y uon E 
i i stars. Ап exa 
ities they cause in the revolutions of binary stars. peg ina 
s | 1 1 C > Jere etw S 
the binary 61 Cygni, studied by К. Aa, Strand. Herc th sate asks 
i i 7 hile an invis 
'olv a period of 720 years, while an 
members revolve in a | y ; е 
panion revolves around one of them once in nearly < 


13-5. Masses of Binary Stars. The combined mass of a Vie wwe 
can be evaluated when the orbit of the binary has been Чеге! wi of 
The method is another application of the general pe scen 
Kepler's harmonic law, by means of which we have Se bé 
(7-12) that the combined mass of a planet and its pan тей їп 
found. Let one pair of mutually revolving bodies rear the 
this law be the stars of the binary, and let the second pair be 


aet are the suns 
sun and the earth. Where the units of measurement are 
mass (the mass of the 


н e earth's 
earth is negligible in comparison), th 
mean distance from th 


becomes: 
€ sun, and the sidereal year, the law 
3 /P2p3 
mı + my = ab/P*p3, 


bo rms 
А о stars in te 
where m, + my is the sum of the masses of the two St 


— ри 1n 
of the sun's mass, a is the semi-major axis of the jupe E yan p 
seconds of arc, P is the period of revolution in sidereal = "ecified 
is the parallax of the binary in seconds. Thus with the pan of 
units the combined mass of the pair of stars equals the € 
their linear me 


vi ‚ square of the 
an distance apart (13-3) divided by the squat 
period of revolution, 


As an example of the 
of the binary Alpha Ce 
as follows: mı +m, = 
mass of Alpha Cent 


asses 
: he mass 
use of the above rclation, the sum of t 


3.1 
Table 13 

Mauri is calculated from the data of I “ombined 

(17.66)8/(80.1)2(.760) = 2.0. "Thus the с 

auri is twice the sun's mass. 

The sum of the m 


relative orbit. When, however, t 
been observed, the individual m 


" " М rom the 
asses is all that can be determined fror 


ave 
E ars һау 
he revolutions of both stat -— 

: for the гё 
asses become known: for th 


а x ” » distances 
"Чопа! to the ratio of the dist 
from the 


of the masses is inversely propor 
of the two stars at any time 


hich 
common center around w h 
they revolve, 
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13-6. The Mass-Luminosity Relation. Studies of binary stars led 
to the discovery by A. 5. Eddington in 1924 of a relation between 
the masses and luminosities of stars in general. The more massive 
the star, the greater is its absolute brightness. The relation is 
shown by the broken line of Fig. 13-6, where the logarithm of the 
mass in terms of the sun's mass is plotted with respect to the star's 


BI 


T T г 


LOG MASS 


: Mass-Luminosity Relation for Stars of Visual Binaries (filled 
an 13-6. i > Opi? Binaries (open circles). The three points below 
E ss ; represent white dwarf stars. (Diagram by К. Aa. Strand) 

he curve : 


absolute. bolometric magnitude. Bolometric magnitude relers to 
the star's radiation in all wavelengths with allowance for its absorp- 
tion by the earth's atmosphere. Tem | 

The mass of a single star may e read from the curve if the bolo- 
metric magnitude is known Fe if the star is of a type that conforms 
to the relation. Among special kinds of stars that do not conform 


are the white dwarf sars which аге much fainter than main- 
[ al mass. 
sequence stars of equal 1 


13-7 Spectroscopic Binaries are mutually revolving pairs that ap- 


pear as single st > 2 e 
tions of the lines in their spectra, the Doppler eflect 


ars with the telescope. They are recognized by the 


periodic oscilla 
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as the two stars alternately approach and recede from us in their 
revolutions. Where the two stars of a binary difler in brightness 
by as much as one magnitude, only the spectrum of the brighter 
star is likely to be observed. Capella and Spica are examples of 
spectroscopic binaries among the brightest stars. 


Fic. 13:7. Spectrum of Mizar, 
of the binary are separated in 
the lower one, 


The spectrum lines of the two ОИ" 
the upper photograph and superpose 1 
(Yerkes Observatory photographs) 

The brighter star of Mirar's visual pair was the first spectroscopic 
binary to be detected, [п the carly studies of stellar spectra at 
Harvard Observatory it was noticed. in 1889, that the dark lines 1n 


"perg 3 xt ; and 
the spectrum of this star were double in some photographs an 
single in others, 


Violet Spectrum Red 
j'me 
$ de TRF 
| e 
e e 
To Observer 


Fic. 13-7A, Doppler Displace 
one star approaches and the 
(b) When both stars move 


Ments in the Spectrum of Mizar. (a) LARA 
other recedes from us, the lines are doub L 
across the line of sight, the lines are superpose® 

When the displacements of the lines į 
have been measured at interv 
tion, the velocity curi 


n the spectrum of a binary 
ras throughout the period of revolu- 
е Can be drawn lo show how the radial velocity 
varies during the period. From this curve it is possible to Деке зе 
the orbit projected on a plane through the line of sight THE 


FOLIPSING, VARIABLES 265 


inclination ol the true orbit to this plane is not determined from 
the spectrum: it may be derived from the light curve when the pair 


is also an eclipsing binary. 


E 


ЛЛРУІМС VARIABLES 


13-8. Variable Stars are stars that vary in brightness. Their fluctu- 
ations in light are studied by comparing their magnitudes repeatedly 
with those of stars having constant brightness. Fhe comparisons 
are онен made in photographs taken at different times, or with 


the photoclectrit cell where the highest precision is required, 


t 26 September 14 October 13 

но " 8 Magnitude 9 Magnitude 10 

Magnitude ¢ р 

Brightness of the Recurrent Nova RS Ophiuchi 
g 


D “ч i in x р 
Fig. 13-8, Variation N (Photographed by F. Quénisset) 


in 19 


The light curve shows how the magnitude ol the star varies with 
E 


lime, If the same 
шоп can be З 
e on the curve such as maximum bi ightness, 


variation is repeated periodically, the elements 
Portal vis derived; these are the epoch, the time 
о the ight varie 


ol a well-defined plac ANT Р k ; 
and the $ riod ol the variation. The curve lor a single cycle may 
i le pe : ' 


then be defined 


Nitudes with гере 
[ractio 


more precisely by plotting. all the observed mag- 


ct to phase, the interval ol time expressed either 
in days or in ns ol the period since the epoch preceding the 

time of each observation. é 
Asin exatiples the elements ol te variable star Eta Aquilae are 
recorded as: Maximum brightness = 2,414,827.15 + 71767- E, where 
is the epoch expressed in Julian days and the sec- 


Ше first number 


ontl is the period in days. In order to predict the times of subse- 
have simply to multiply the period by E = 1, 2. 


quent maxima we 
roducts to the original epoch. The Julian date 


- . and to add the P 
is the number ol days ! 
А ау. 

ol an arbitrary 7ero da 


hat have elapsed since Greenwich mean noon 


lt is а convenient device often used to 


266 DOUBLE AND VARIABLE STARS 


avoid the complexity of the calendar system. The Julian dates - 
tabulated for each year in the American Ephemeris aud iN сан 
Almanac. J.D, 2,436,934.5 corresponds to January 1, 1960, at Green- 
wich mean midnight. 


13-9. The Designation of Variable Stars follows a plan that ve 
simple enough but became complicated when the discoveries р 
these stars ran into thousands, Unless the star already has a number 
in the Bayer system (11-4), it is assigned a capital letter, or two, 1n 
the order in which its variability is recognized, followed by the 
possessive of the Latin name of its constellation. For each guns 
stellation the letters are used in the order: R, S, . . . , Z; RR, RS, 
D RZ SS,. . . a SZ; and so оп until ZZ is reached. Subsequent 
variables are AA, AB, .. . , AZ; BB, .. . , BZ; etc. By the Run 
QZ is reached (the letter J is not employed), 334 variable s à Hs 
$0 named in the constellation, Examples are R Leonis, SZ Herc “4 
and AC Cygni. Following QZ the designations are V 335, V 550, 
and so on; an example is V 335 Sagittarii. 


13-10. Classes of Vari 


; 'ari- 
able Stars. The General Catalogue of j 
able Stars, 


prepared by B. V. Kukarkin, P. P. Parenago, and n 
€ Sternberg Astronomical Institute, Moscow, си yut 
names, elements of the light variations, and other information a nh 
recognized variable stars in our galaxy. The second edition (195 

lists 14,708 variable stars. 
Catalogue, 


ciates at th 


6 a › the 
АП variable stars, according t asit 
* " , asi pulsat- 
may be divided into three main classes: eclipsing, | 


i 2 A ч А. е La ; several 
ing, and eruptive variables, cach of which is subdivided into s€ 
types. 


13-11. Eclipsin 


. а x ies having 
| 5 Variable Stars are spectroscopic binaries һ : 

a "bits га, ars d 
their orbits $0 nearly edgewise to the earth that the two stars n 
tually eclipse twice in 


A " They appear 
the Course of each revolution. They ap} "^ 
Single stars that become fainter while 


M m as and 
3 E © The Periods in which they revolve 4 
fluctuate in brightness average 9 or 


minutes for VV Puppis to 27 years in the very exceptional сазе 
Epsilon Aurigae. 


with the telescope as 
eclipses are in. progres; 


‚ from 100 
3 days; they range fron : 
3 days; they 8 eif 
Algol is representative of eclipsin 
nearly spherical, In Pairs such 
one toward the other by 


А на BIS 
8 pairs in which the stars а 2 
аз Beta Lyrae the stars are elongate | 
шы) tidal action, so that additiona 
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variation in brightness is produced by the different presentations 
of the ellipsoidal stars to us, from end-on at the eclipses to broadside 
between eclipses. In short-period pairs of the W Ursae Majoris type 
the components are so nearly in contact that the tidal effect is ex- 
treme. The spectra of some cclipsing pairs reveal gas streams that 
issue from the two stars and swirl in the directions of their revolu- 
tions, 

Combined photometric and spectroscopic observations of eclipsing 
stars lead to evaluations of their linear dimensions and masses— 
important data in studies of the constitution of stars. 


13-12. Algol (Beta Persci) is a familiar example of eclipsing variable 
stars and was the first of these to be recognized, in 1783. In the 
severed head of Medusa, which Perseus carried in the old picture 


THE SUN 


20 60 HOURS 


and System of Algol. The size of the sun is 


b a ; 'ariation 
Fro, 13.12. Light Varia (Determined by Joel Stebbins) 


shown on the same scale. 
is "De Star" winks in a w ; ues 
skies, this "Demon T 


book Ч 
of the К Ж з еба 
til the reason for its w inking came to be under- 


seemed mysterious Ul 
Stood, ‘The brighter star, hat fed мре 
(Fig 13-12) witha companion that ts 20 per cent greater in diameter 
but 3 magnitude 


the companion р 
ing it "a nearly 10. hours. M the middle of this eclipse the light 


duced to a third of its normal brightness. 


of Algol revolves in a period of 2191 


s the fainter ol the two, Once in each. revolution 
isses. in Iront ol the brighter star, partially eclips- 


Of the system is re А A & i 
Тһе small drop in the light midway between the primary eclipses 


Oturs when the companion is eclipsed by the brighter мат. The 
light of the svstem rises slightly toward the secondary eclipse, be- 
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cause the hemisphere of the companion that is then turned toward 


us is made the more luminous by the light of the brighter star 


The diameter of the brighter star of Algol is 3 times the sun's 
diameter. The centers of the two stars are 13 million miles apart, 


or somewhat more than a third of Mercury's mean distance from 
the зип. The orbit is inclined 8° from the edgewise position. 


PULSATING VARIABI ES 


Intrinsic variable stars fluctuate in brightness [rom causes in 
herent in the stars themselves and not because of eclipses, Some 
of these stars are variable because 

and expanding, becoming hotter 


stars include prominently the 


they are alternately contracting 

and cooler in turn.  Pulsating 

cepheid and RR Lyrae variables. 

> үк Cepheid Variable Stars take their name from one of ther 

ear. К , us ys 
тег known. examples Delta Cephei. ‘This star fluctuates TC: 


Ultraviolet 


w 
Q 
Š 
g 
x 


Fic, 13-13. Light Curve of 


of the light variation is less and 
brightness are later in the 


Delta © ‘phei in 


‘Three Colors. The range 
times of maximum and minimum 
Wavelengths. (Determined photoeler 
Joel Stebbins) 


the 
longer 


trically by 
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ularly in cycles of 549", brightening more rapidly than it fades 
(Fig. 13-13). “The velocity curve is nearly the mirror image of the 
light curve. Near maximum brightness the spectrum lines are dis- 
placed farthest to the violet. showing that the gases in [ront of the 
Star are approaching us in the pulsation at the greatest speed. Near 
minimum light the lines are displaced farthest to the red, showing 
that these gases are receding from us at the greatest speed; the star 
is then redder than at greatest’ brightness and its spectrum has 


changed to the pattern of a cooler star. 

Cepheid variables are yellow super | 
classical cepheids resemble the prototype, Their periods range 
Irom a day to several weeks and are most frequent around 5 days. 
The visual range ol the light variation is often around 1 magnitude, 
Those in our own galaxy congregate toward the Milky Way. Other 
examples are Eta Aquilae, Zeta Geminorum, and Polaris, which has 
an exceptionally small rar і › | 

The type H cepheids have been recognized more “ee b 
globular clusters and toward the center of the galaxy. Their periods 
are generally between 12 and 20 days. ‘The light curves have 
d í are more nearly symmetrical. An example is 


ants; the more numerous 


age ol variation. 
frequently in the 


broader maxima and 
W Virginis. 


re named after one of their brightest 


13:14 Lyrae Variables p 
аа re also known its cluster variables because they 
are ab | 


They 


amples; they 


Were first observed in large numbers in the globular clusters, 


Day 04 06 08 10 


14.0 


Light Curve of an RR Lyrae Variable, The rapid rise to 
hU is characteristic of many variable stars ol this type. 
(Harvard Olsereatoiry diagram) 


Fic, 43.14, 
Maximum light 


" : asing in brightness i vi around hall a day 
are blue giants varying ghiness in periods around a day 


tnd with ranges up 19 Hs magnitudes or more. The light curves 
ang 


OF those stars with the shorter periods ате likely to be almost sym 
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metrical; at half a day the curves become abruptly senator 
with very steep upslopes and extreme ranges, cflects that modera 
as the periods are longer. | | ү кк 
RR Lyrae variables are pulsating stars with some ¢ раз ас teris E 
like those of the cepheids. Their spectrum lines oscillate in an 
period of the light variation and the stars arc bluer at йаа 
than at minimum brightness. ‘These stars are recognized in gr гы 
numbers than are the cepheids even though they are much the аў 
luminous so that they cannot be observed Not one is 


as far awi 
H Н Th: y — ^ proto- 
visible to the unaided eye. Their brightest e mples are the | 

type and VZ Cancri, both of the 


7th magnitude. 


13:15. The Period-Luminosity Relation, "The periods of cepheid 
variables are longer as the st à 

established by Harlow Shapley in 1917, the relation was des a 
later form by Walter Baade in 1952. The former curve for by 
classical cepheids was then r ew 
was replaced at the 
The horizontal line 
This stage in the 
certain chang 


? x чота 
ars are more luminous. Origi А 


aised 1.5 magnitudes in the diagram "ids 
lower leve] by the curve for the type II серек L 
for the RR Lyrae variables was left ишш 
development of the relation is represented т 
es by the full lines of Fig. 13-15. The lines * ved 
cepheids show how the logarithm of the period was then b АГЫ: 
to vary with the median absolute magnitude of the ЕВИ ag: 
median magnitude is the average of the brightest and [аш mn А 
nitudes, The bands around these lines in the figure illustrate * 
more recent version of the relation. : was 
The Мау for this revision of the period-luminosity relation W° 
prepared by 


> х ж agel- 
HOG Arp's measures of cepheids in the Small Mag 
lanic Cloud, 


Arp found that the relation must be represented. PY 
а band at least 1 magnitude wide rather than by a simple go n 
Allan Sandage Supplied the reason for the band. From a pog 
already known between the period and mean density, he deducet 
that the absolute magnitude of ute 


" nn 
* А а cepheid depends not only « 
period of its pulsation but 


face tempe 

p on the star's mean surface tem] nik 
ture, or color. This would apply to all pulsating stars. The n Ж 
3 Ta t ge = x ы М У lactic 
step began with J. В. Irwin's discovery of two cepheids in gala © 
clusters апа the later finding of Accura 


these 


ra- 
also 


а few additional cases. 


distances and colors ol cepheids th 


Clusters seem to sust 


When the period 


at can be obtained in 
ain the revised rela 


tion. 
and mean color 


+ 15 
of a cepheid of either type * 
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observed, the star’s median absolute magnitude can be read from 
the appropriate diagram. When the median apparent magnitude 
is also observed, the star's distance, r, in parsecs may be calculated 
by the formula (12:21): log r = (m — M + 5)/5.. For the RR Lyrae 


ABSOLUTE PHOTOGRAPHIC MAGNITUDE 


iiil VARIABLES 
Tl Parieto ap 


-0.5 


0.5 1.0 
LOG PERIOD (DAYS) 


ninosity Relation for Cepheids. (From preliminary 
lata supplied by H. С. Arp) 


1.5 2.0 


Fic, 13.15, Period-Lut 
a 


; agnitudes are independe > period г 
Variables the median magn € independent ol the | ind 


the y; M 
alue of M. à 
“Phe amount of the spread depending on the surface 


certain. АП such distances require correction 


formerly taken as zero, has now become +0.6 in 


the average. 
temperature js un : 
Where cosmic dust interyenes- | ү 11). | 
Be [ their high luminosity, cepheid variables are uscful as 
cause o E í н б 
distan indicators [OT the nearer exterior galaxics, whereas the 
Stance indica 
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less luminous RR Lyrae variables are employed. generally for dis- 
tances of objects in our own galaxy, 


13-16. Mira-Type Variables. Many red supergiant and giant stars 
are variable in brightness in roughly periodic manner. The periods 
range from a few months to more than 2 years. The visual va 


a- 
tion averages 5 magnitudes and may exceed 10 magnitudes in the 
extreme case of Chi Cygni (Fig, 13-16); vet the total radiation, as 
measured by the heating of a thermocouple at the focus of a tele- 
scope, varies only about 1 magnitude. These Mira-type, or long 


1200 DAYS 
4 


Fic. 13-16. Light Curve of the Mira Type. Variable Chi Cygni, (Deter 
mined by the American Association of Variable Star Observers) 


period. variables, aye 


| ег arc SO 
olten regarded as pulsating stars and ar 
classified in the ¢ 


;eneral Catalogue. 

In addition to the dark lines and bands that characterize the 
Spectra of red stars, these spectra show bright lines at certain phase% 
particularly lines of hydrogen. ‘They are likely to be somewhat 
displaced to the violet at the maximum brightness of the stars: but 
шш, Shifting of the lines and not an oscillation is suggested. 


13:17. Mira (Omicron Ceti) is the best known and at times the 
brightest of these Variables i 


be recognized aside from a ( 
stella mira. 


It was in fact the first variable ja | 
> a e 
ew novac, and was accordingly са 


Em Ted supergiant is at least 10 times as massive 
the sun, and its diameter is sc The 


average period of the light y 
brightness in the differen су‹ 
the 5th visual m 


as 


00 times the sun's diameter. 
ariation ig 330 days. “The greatest 
i les ranges generally from the 3rd 10 
agnitude and the " | м 


: least br ightness from the Bih t 

the lOth magnitude, where the Star is accordingly invisible to the 
P 5 2 s 

unaided eye, 


There is considerable doubt that the fluctuation of Mira is caused 
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mainly or even at all by pulsation, P. W. Merrill has expressed his 
preference lor a main hypothesis of successive “hot fronts" that move 
appear at the upper- 


outward. Irom below the photosphere and di 
most levels of the atmosphere. Here the dissipating waves may 
Guse the gases to condense into droplets, which veil the photosphere 


until they finally evaporate, 


13:18. Irr gular and Semiregular Variables. Many red supergiants 
and giants vary irregularly in narrower limits often not exceeding 
Betelgeuse is the brightest of the irregular 


hall a magnitude, 


'iables. 
‘The red supergiant Alpha Herculis is another example. This 


Star varies between visual magnitudes 3.0 and 4.0 in irregular cycles 
of several months’ duration. Its distance is 500 light yours and its 
diameter is several hundred times the sun's diameter. This star is 
surrounded by an expanding shell of patchy clouds, according to 
As T. Deutsch, which rise to heights above the surface of at least 700 
limes the earth's distance from the зип, At very high levels they 
solid particles, which disappear by dilution as 
are replaced by other clouds. Their par- 
e is believed to cause the variability 


become clouds ol 
they move outward and 
tial veiling of the photospher ta fare 
Of Alpha Herculis and other large rec А T i 

RV Tauri stars are semiregular yellow anc геш ish supergiant 
that form a sort of connecting link between ihe керпе and the 
Mira-type variables. Other types of semiregular variables having 
small memberships are recognized. 


ERUPTIVE VARIABLES 


Eruptive, or explosive, variable stars include novae, supernovae, 
and recurrent novae. Other types are flare stars and T Tauri stars 


(16.9), 


13.19 Novae are stars that rise abruptly from relative obscurity 
" У. oval « M : : ч : 
to their former faintness, 1 hey are designated 


nd gradually decline | ! : 
Cither by the word Nova followed by the possessive of the constella- 
tion name and the ver" of the outburst, or more recently by letters 
along with other variable stars. “Vhus Nova Herculis 1934 is also 
Known as DQ He 

A nova as bright 
Cassiopeia in Noven 


сий. 
as Venus at greatest. һгїШапсу appeared in 
iber, 1572, and was observed by Tycho Brahe 
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until it became invisible to the unaided eye in the spring of 1574. 
“Kepler's star," in Ophiuchus in 1604, rivaled Jupiter in brightne s. 
and a nova of 1054 in Taurus was reported to have been as bright 
as Jupiter. These three were of the unusually spectacular type 
known as supernovae (18-13). Nova Aquilae 1918, the brightest 
of the present century, rose to the brilliance of Sirius. Such bright 
ones are exceptional. "The majority of the. 150 recorded novae in 
our galaxy did not become visible without the telescope. 


13-20. Outbursts of Novae. Before the outburst a nova 1% smaller 
and denser than the sun. We think of it as a semidegenerate star 
that is collapsing to become a white dwarf. When more energy ÍS 


ЖЫ | 
; à РЕ eae after 
Spectrum of Nova Herculis 1934. Before. (above) anel e in 


Fic. 13.90), 


Jew 3 : E е ‘low 
(below) its greatest brightness. The widened spectrum appears belo 


each сазе. (Lick Observatory photographs) 
liberated by i р" 
ed by the contraction than the small surface can radiate, 
DlOWws 
WS ОЙ the exc CSS 
gaseous material in 


mass of material e 


SPA energy along with a small fraction ol ү 
m а succession of violent explosions. The pae 
at раз émetge MP igna about 1/10,000 of poe star's Mp эе; 
коке не p that have exceeded 3000 miles ui d 
growing de eas А D shifts of the spectrum lines. ккк 
s 6 Not gases the star may rise 12 magni 
or about 60,000 times in brightness $ 
The gas clouds are ор; MAP i Я 
Ый. ‘The dark merus AE у я ыш К the 
violet, giving the illusion that the ee ү Р 
: К е star is swelling с 
Soon after maximum light the spre more 


Bright 


15 Cx 


ading gas clouds become 
nearly transparent. undisplaceq lines then appear in th 
spectrum (Fig. 13-20) 


Я somes 
» much broadened because the light then con 
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from parts of the gas that аге approaching and other parts that are 
receding from us in the expansion, The broad bright lines are 
bordered at the violet edges by narrow dark lines absorbed as before 
by the gas immediately in front of the star. 

When the envelope has become still more tenuous, the spectrum 
of the nova changes to the bright-line pattern of an emission nebula, 
Meanwhile, the brightness fades 


except that the lines are wider, 
sion, until the star returns 


as the envelope is dissipated by its exp: 
to its original status. As an example, Nova Aquilae 1918 is now a 
faintly luminous white star having one fourth the diameter and 


70 times the density of the sun. 


13-21. Expanding Envelopes Around Novae. The envelopes pro- 
duced by explosions of novae have sometimes become large enough 
to be observed directly with the telescope. Nova Aquilae 1918 had 
a spherical envelope; the envelope began to be visible 4 months 
after the outburst and increased in radius at the rate of K a year, 
which at its distance of 1200 light years corresponded to an increase 


E: z M 1. in Taurus. The nebula is expanding 
F 9°. Nebula. g 
ш; Bal, Grab (Palomar Observatory photograph) 


3 pernova. 
from the site of a SUI 
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of 1000 miles a second. In 1940, the vanishing envelope had a radius 
exceeding 5000 times the earth's distance from the sun. “The en- 
vclope around Nova Herculis 1934 was ellipsoidal. 

The envelopes around normal novae have generally disappeared 
alter a few years. Their short durations and rapid expansions con- 
trast with the longer lives and slower expansions ol the planctary 
nebulac (14-7), which they otherwise resemble. Ihe Crab nebula 
in Taurus (Fig. 13-21) differs from both in having long duration 
and also rapid expansion. Now increasing in radius at the rate 


of 60 million miles a day, this nebula has been spreading for more 


than 900 years from the site of the supernova of 1054. 
13-22. Recurrent Novac, which h 
bursts, differ from normal nov 
in brightness ( 


ave two or more recorded out 
ae only in their more moderate rise 
around 7 magnitudes) and their morc rapid declinc. 
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MEAN бнт 
"i , CURVE OF ss CYGNI, 1955 
Fic. 13.99, Light Curve of SS Gua: 
Julian days 2.435.100 to 949 Cygni in If i 
at the right ; i Horley: » Apparent magnitudes are indic 
ü pens Ob. terming by Vp dus domua tin ope 
; © (Diagram by Margaret W. Mayall) 


arc 
Numbers at the top 
licatct 
able 


Ап exa is i i (F 

о is RS Ophiuchi (Fig. 13-8), usually around the 12th 

magn +, whi 'ose a e n а 

ү S NIHU тозе abruptly to the lth magnitude in 1898 anf 

1935. and to the 6th magnitude in 1958 ds: 
„эе, 


»0 
hot subdwart stars having 


There are also grou] 
characteristic, resembling those of novac 
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An example is SS Cygni (Fig. 13-22). Normally around apparent 
magnitude 12, this star brightens abruptly about 4 magnitudes at 
irregular intervals and declines in a few days. The spectra at the 
outbursts have wide emission lines. 

There is some indication that the amount of brightening of stars 
resembling novae increases directly with the average interval be- 
tween outbursts. If the relation includes normal novae, the inter- 
their outbursts should be several thousand years, so 


vals between 
stars such as Nova Aquilae 1918 may be expected to 


that eruptive 
Because the novae before and after the outbursts 
it seems improbable that a more stable main- 


the sun would become a nova within the next 


flare out again. 
are subdwarl stars, 
sequence star such as 
several billion years. 


Some red main-sequence stars are subject to 
very short duration remindful of the 
20 stars of this type have been listed. 


13-23. Flare Stars. 
repeated intense outbursts ol 


solar flares (10-14). At least = 


f Krueger 60 В, July 26, 1939. The last of 4 suc- 

(left) on the binary and its distant optical companion, 

showing the prightening ol he ae E ol the pair. Note ao by 

Comparison with Fig. 13:1 tliat ot Б ало a period » HA years, 

had made nearly three quarters р. а чш R UAE 
y at Sproul Observatory) 


Fic, 13-98, Flare Up о 


COSSIVE exposures 


An example was the sudden brightening by 114 magnitudes of the 


component of the visual binary Krueger 60 (Fig. 


Normally fainter 
ree ө 
13.93) observed Dy Pe 


Observatory. 


ter van de Kamp and S. L. Lippincott at Sproul 


FI designated in the General Catalogue as UV Ceti 
"lure stars are > = 
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2n recorded by W. J. 
type variables after a typical representative first a Ea bras 
ype varia „йч = n a ле а 
2: ten in 1948. This star is the fainter component of t rage 

-uy x ТҮ? LN сиг at averi 
4 726-8. Тһе main outbursts of UV Ceti ока = 
Luyten 726-8. E. ud rightness of the star is gc 
intervals of 114 days, when the rise in brightnc lee жа 
а 4 day WP р wever, 
c i 09 e occasion in. 1952, ho 
erally from 1 to 2 magnitudes. On one occas ast fhiya.on xen 
an increase of 6 magnitudes was observed, the greatest fli Же са ce 
M x x "P [ace is alfe Ӯ 
for any star, Only а small fraction of the star's surface the Hight 
ый Эзе ‘ ag’ rsts the 
as in the case of a solar Паге, Between the main outbu l hc um 
А А : ; ии аг in sme 
of the flare star varies conunuously and irregularly 
amplitude. 


QUESTIONS ох CHAPTER 13 | 
Р " ua 
l. The majority of visual binary stars have shown no ueni of mut 
revolution. How is it known that they re physically connec [om P ads 
2. Describe the discovery of the companion of Sirius bel 
Observed, 
3. Why do the lines in the 
at times and single at othe 
4. Where the spectrum lines of 
sible to decide whether jt is 
Spectroscopic binary where 
5. The diagram of the 
from the accompanying 
features of the light curve 


le 
к ч.л. "ar doub 
Spectrum of Mizar (Fig. 13-7) app 
r times? р ta ie pue 
a star are always single, how is : Ы : 

Tei ating star, 
an ordinary single star, а геси 

2 H я ле? , 

the fainter spectrum is not le 12 is derived 
system of Algol shown in Fig. : in What 
ig d 'ctroscopic. data. 
light curve апа the spectrosco] 
show that: 


(a) The eclipses are partial? 


х niia ^ brighter star? 
(b) The companion is much less luminous than the Бачае 
(с) Тһе companion reflects some light of the brighter st: 


К -epheids, 
гае stars, classical cep 
6. Mention some differences between RR Lyrae stars, clas 
and type ц cepheids. | : (ас classical’ cephe 
+ Explain the method of determining the distance of ac E distánce а 
Variable stay Y means of the period-luminosity relation; the 
an RR Lyrae ү. 


j ariable star, " itv curve 
8. Show that the recent raising of the period-luminosity 
classical cepheids by | 


lues of their 
or valu 

; % magnitudes doubled the former va 

distances, 


ion 3 f А ге эш 
9. Mention 3 types of intrinsic variable. stars. which are not | 
stars, 


id 
of the 


sating 


10. Describe the 
given here, 


inary novae? 

lJ. In what respects do recurrent novae differ from ordinary п t again? 
12. Does it seem likely that Noy, Aquilae 1918 will flare out 4 

that the sun may soon become a Nova? Explain. 


have 
Outburst or a 


Sms AOE 
Я > view W 
nova according to the v 
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\ contrast of dark 


and bright nebulosi 
g OSIty. 
1 Wilson and Palomar Observatories photograph) ý 
S 


“Horsehead” Nebula in Orion. 


(Moun 
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COSMIC GAS AND DUST 


DIFFUSE NEBULAE — PLANETARY NEBULAE — THE 
INTERSTELLAR MATERIAL 


Nebulae in general are clouds of cosmic gas and dust. Diffuse 
nebulae are condensations of the interstellar material that is abiit 
dant in our Milky Way and in the arms of exterior spiral pues 
Such nebulae are believed to supply the material [rom which stars 
аге 


ategory. These 
born. Planetary nebulae constitute a second category. “I e 
: HU егу hc 
are glowing gascous envelopes expanding around certain very 


ag > jnter- 
stars; they are examples of the return ol gas by stars to the 1 
stellar clouds. 


DIFFUSE NEBULAE 


14-1. Diffuse Nebulae have irregular lorms and often large angui 
dimensions. Some resemble the cumulus clouds of our ore нан 
while others have a filamentary structure that is remindlul 
high cirrus clouds. Shocks and compressions of the colliding ч 
lent material апа effects of magnetic fields can account LÀ i 
complex structures and also for the light of nebulae in certain m 
Some diffuse nebulae are made luminous by the radiations 9 
stars in the vicinities, In the absence of involved or neighbor nE 
stars the nebulae are generally practically dark. This relation iy 
first explained by Edwin Hubble, who also showed that the que d 
of the nebular light depends on the temperature of the associate 
stars. Where the star is as blue as type B1, the nebular spectrun 


differs from that of the star, being mainly a pattern ol bright 1 à 
Where the star is cooler th ected star 


light, so that the spectrun 
bright diffuse nebulae 
ol their light; these 


urbu- 
the 


ines. 


ап ВІ, the light is mainly тей Dé 
x yx 5 

| resembles that of the мат. Thu hit 

€ of tw qua y 


9 types with respect to the 
"наар nebulae and reflection nebulae. 


14:2. Emission Nebulae, 
very hot stars cont 


т -tions ol 
The extreme ultray iolet radiations | 
i antly 
am enough energy to remove electrons abundant 
; wr ing 
from atoms of certain elements in the gases of the surrounding 
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nebulae. As the ionized atoms capture other electrons, the nebulae 
emit light differing from that of the stimulating stars. The spectrum 
of the emitted light is more conspicuous than that of the starlight 
reflected by the same nebula for two reasons: (1) The emitted light 
is concentrated in a few bright lines of the spectrum, whereas the 
reflected light is dispersed over the entire spectrum; (2) much of the 
reflecting dust may have been blown away from the vicinity of the 
star by the star's radiations. Because diffuse emission nebulae and 
the asssdiatid blue stars in our galaxy are features of the spiral arms, 
they have been useful in the optical tracing of the arms (17-7). 


Fic, 14.2. Spectrum of the Orion Nebula. From ultraviolet to: Bie, 
"Fh very strong line at the left is the double line of singly ionized oxvgen 
THE YO je ymparison lines above and below are of hydrogen and 
л = (Photograph by Donald E. Osterbrock) 


ctra of emission nebulae are “forbidden 
they are not likely to be observed in ordi- 
“These bright lines of oxygen, nitrogen, 
remained unidentified until they were 
1. S. Bowen, in 1927. Despite their 


Prominent in the spe 
lines," so called because 
atory conditions. 


nary labor 
elements 


and some other но, 

і „огсїсаПу һу 
explained theoretically © Ж 
"e à er showing in the spectra, oxygen and nitrogen are less 
stronger s 


I lant in these nebulae than are hydrogen and helium; in col- 
abund: t LM iu 
"- a her atoms, however, they are able to utilize ereater 
lisions with othe : ds | M 
quantities of energy provided by the exciting starlight. 
an 5 ) сесси : | | 
' А strong pair of oxygen lines at wavelengths 4959 and 5007 in 
un ; i » spectrum impart the nw ГЕ? е 
the green region ol the 5 1 € characteristic greenish 
hue to emission nebulae. 
in the ultraviolet. the strength of one line relative to the other de- 
pends on the density of the gas. This relation has been employed 


by D. Е. Osterbrock an 
nebulae. 


In another oxygen pair at 3726 and 3799 


d others to determine the densities of these 


a in Orion is the brightest diffusc emission 


14-3. The Great Nebul x ane 
v with the telescope. Scarcely visible to the 


nebula in the direct VIC 
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unaided eye, it surrounds the middle star of the three in Orion’s 
sword. With the telescope the nebula appears as а greenish cloud 
around the star, which itself is resolved into the familiar Trapezium 
of type О stars. In the photographs the Orion nebula is spread over 


an arca of the sky having twice the apparent diameter of the moon. 


Fic. 14-3. 


Great Ne 2 ч 7 
к Nebula in Orion. (Photograph with a 12 
У Clarence р, Custer, Stockton, California) 
At its distance SO Ae — 
s distance of 1600 light years the corresponding lincat diameter 


3 X the distance of Vega Irom the sun. 
By the method mentioned Osterbrock 


КЕТ 
is 26 light years, or abo 


find “in the previous section, en 
1105 that the gas of the Orion nebula has unusually high density: 


about 20,000 atoms per cubic centimeter, in one of the brightest 


central regions. The density is reduced to 300 atoms per cubic 
centimeter at a. point halfway from the center to the edge. 


conspicuous diffuse emission nebulae are М8 іп 
and the nebula Surrounding the star Eta Carinae. 


Among other 
Sagittarius 
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14-4. Reflection Nebulae. Where stars involved in interstellar 
material are cooler than type Bl, the nebulae around them reflect 
the starlight scattered by their dust. The bright nebulae surround- 
uples of reflection nebulae. These 


ing stars of the Pleiades are с 
have the same spectra as the associated stars. 
‘The similarity in color of reflection nebulae and of the sta 


's Te- 
sponsible for their shining is well shown in photographs with filters 


В А = ing Stars of the Pleiades. (Photographed by 
ын "bulae Surrounding Stars of the Pleiac graphed by 
Fic, 14-4. Nebulae E. Barnard) 


orpius. Here the reflection nebulae surround 


egi [ Sc 

of a dusty region o 
) — 1 street lamps on a foe б Ld 
stars like the glows arounc i 1 | вру night. The 
nebular light around the red star Antares is scarcely noticeable with 

D d o H : Р L | 
blue filters and becomes conspicuous with red ones. The opposite 
ef i 


is the case for the nebulae around blue stars in the vicinity. 
е cas 


are clouds of 


14:5. Dark Nebulae К is and dust that have no stars 
near enough to light them effectively, Their faint illumination by 
the general star fields can be detec ted only by measurements of high 
precision, Dark nebulae make their presence known apticalls by 
obscuring whatever lies behind them. The rifts they imprint on 
the bright background ol the Milky Way are conspicuous in the 
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if X ur S тї 
photographs. Some rifts, such as the Coalsack near the s 
à i isi эре: ‚ been 
Cross, аге easily visible to the naked eye and have accordingly be 


i iri P ; dark ather 
known for a long time; but their interpretation as dark clouds rat 


than as vacancies came in fairly recent. times. | 
The darkest clouds in the Milky Way are relatively near us a 
r А > А Я Y ohm эң ^ir con- 
distances of 300 to 1500 light years. At greater distances their со! 


Fic. 14.5 i у and 
Fic. 14.5, Rifts in the Milky Way. Region of southern Ophiuchus 1 


northern Scorpius. (Photographed by F. E. Ross) 


trast with the bright b 


ars in front of then 
т our galaxy at dist 


is di š a mbers 
ackground is diluted by increasing nu 


1. 


ol st Э Bx ically 
Few dark nebulae are recognized ор! 


ances exceeding 5000 light years. 


PLANETARY NEBULAE 


14:6. Features of Planetary Nebulae 


e envelopes 

These nebulae are envek ae 

They are called planetary nebu : 

ч ВИЗ 
арреаг with the telescope as gre 


х The disks 
disks of Uranus and Neptune. The disk 
may be amor phous or irr egul 


around blue stars at their centers, 
simply because some n carer ones 
ish disks remindful of the 


me БЕ arance 
аг, and some either have the appearan 
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of rings or are actually rings. A familiar example is the Ring 
nebula in Lyra (Fig. 14:6). 

Several hundred planetary nebulae are recognized. “They range 
in size from the ring-like NGC 7293 in Aquarius, having half the 
moon's apparent diameter, to objects so reduced in the distance that 


A та Photographed with the Hale telesc 
i { tebula in Lyra. I gray escope. 
мш; ido tee н and Palomar Observatories Photograph) 
(Moun р 


"e mor : ordinary stars only by T re 
distinguished from ha у by their peculiar 
Their linear diameters range from 20,000 to 


the earth's distance from the sun. 


they are 
ne spectra. 
1 100,000 times 
ars pi р/апеату nebulae are about as massive as 


bright-li 
more thar 

The central st 
the sun, but are 
surface temperatures M Mn : dors 
supply of ultraviolet radiation to cause the illumination of these 


emission nebulae. arn 
al stars are less easy to see than are the nebulae them- 


much smaller and denser than the sun. Having 
50,000? К, or more, they furnish a rich 
Because their radiations are mainly in the ultra- 


violet, the centr 


ars come Out as Par i > e s take 
selves; but the stars cor as clearly in the photographs taken 


in blue light. 
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ч ч: шае are 
14-7. Expansion of Planetary Nebulae. he cag e ups 
PME eun : а г effects in 
expanding around their central stars, as Doppler cl ind novac 
or ae ` © arot i 
spectra show. Although they resemble the envelopes ат sls mud 
d ч ms » : E |: slowly а 
a this respect the planetaries are expanding more | : à ons 
а тъз: ate eds о ап- 
their lifetimes are much longer. Their moderate ш lifetimes 
5 ‘ ; 9 ter Ше s 
sion in radius range from 6 to 30 miles a second. ing hara 
РЕ v beei isintegrate by breakin 
as long as 20,000 years they begin to disintegr ate Sui sme Hitt 
separate clouds of gas, whereas the envelopes of norma а 
һ few years after өзен rom the stars. 
disappeared only a few years after emerging fron en 
There is also a pronounced difference in the amout orm 
fis s c ter 
involved. The mass of a planetary nebula is about on 
sun's mass; but the ma 
1/10,000 the sun's mass. 


à s not exceed 
ofa Normal nova env elope does пс 


THE INTERSTELLAR MATERIAL 


In addition to the more 
spiral arms of our gal 
dust. 


obvious bright and dark nebulae, 2d 
аху contain an abundance of tenuous gas а! 
The gas imprints d 
The presence of optically 
recorded with radio 
reddens the 


ars bevond it. 
ark lines in the spectra of stars ко ^ 
i » ous 
invisible neutral hydrogen in the g дЕ 
і p 5 i 
telescopes The interstellar dust dim 
light of more distant stars. 


Te "acted. from 
14-8. Interstellar Lines in the Spectra of Stars arc abstracte 
the starlight by the 
lines 


g 


; : asses. These dark 
s through which the light passes. I diee E 
i i Ж. > ctra О 
are generally narrower than the lines in the spectr l Pers 
: x i ^r i E Й > s ‹ 
Stars themselves and have different Doppler displacemen 


Fic, 11.8. Interstellar Lines in the S 


The Fraunholer 
I Pectra of Two Stars. The Frau: 
K line of calcium appears at the 


бари; beth 
lelt and the H line at e een arc 
The broad calcium lines of t E Р 
f, Ans 
(Mount Wilson Observatory. photographs) 


аге separated. into components, 
shown as well. 
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those of corresponding star-lines. Among the chemical constituents 
of the interstellar gas indicated by these lines are atoms of sodium, 
рош sium, calcium, iron, and titanium, and molecules of cyanogen 
апа hydrocarbon. Hydrogen atoms are doubtless very abundant, 
but in these conditions their lines would appear only in the gen- 
erally unobservable extreme ultraviolet region of the spectrum. 
The division of interstellar lines into two or more components 
was recognized some time ago, particularly by Ww. S. Adams (Fig. 
11-8). The division is given important interpretation by the more 
recent studies of Guido Münch; his photographs of stellar spectra 
with the 200-inch telescope show that the principal components of 
the interstellar lines are absorbed by gas in two intervening arms 


of our galaxy. 


1 Interstellar Hydrogen. Where a cloud of interstellar 
a hot star, the gas is set glowing within a radius 
at depends on the temperature of the star and 


14-9. Ionized 
gas surrounds 
around the star th 


ie, ag, Hydrogen WE Їп Cygnus. A. moste nif JERNE pmo 
graphs with the 48-inch 5c imidt telescope. The loop ol ilamentary 
Nebulosity at the bottom is the most conspic uous wreath in the region. 
(copyrigh by 1 Geographic Society-Palomar Observatory Sky 


Nationa Е 
Courtesy of J. L. Greenstein) 


Survey 
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the density of the gas. Outside this region the gas is паша у imk 
Because hydrogen is the most abundant chemical aec D 
been the custom to speak of the two parts of the cloud as the 
and H.I regions, respectively. "€ 
In the part of the cloud that is nearer the star, ps Е феал 
are ionized by the star's ultraviolet radiation. Because the sm. - 
that have lost elec trons soon capture others, the gas is thereby шас : 
luminous. In addition to the conspicuous emission nebulae, many 


: Р " eys with wide- 

faint H-II regions аге detected in photographic surveys i 
: H "e á d (CU r es 

angle cameras and plates especially sensitive to the spect 5 


f S - seful in trac- 
of the red line of hydrogen. Such surveys have been uscft 


ing the spiral arms of our galaxy, | visites 

The bright material in the inner region of a cosmic сопе is ex 
to expand and to collide with the gas in the dark region T zie 
Such collisions may be vigorous enough to set the contact cad 
glowing conspicuously. "This reason is assigned for the famili: 
loop of bright nebulosity near Е silon Cygni (Fig. 14-9). 


14-10. Neutral Interstel 
that is too remote from 
hydrogen is generally q 
by neutral 


lar Hydrogen. In the part of a a t 
à hot star to be much stimulated by ban 
ark and optically unobservable. oe - 
atoms of cosmic hydrogen at a wavelength e idi 
previously predicted by H. C. van de Hulst, was йер таро This 
a radio telescope by H. I. Ewen and E. M. Purcell in Mil ‘trum, 
emission line, the only one so far detected in the radio n» 
has been employed effec tively in tracing the spiral arms О 
galaxy (17. 18). 

The emission 


Я is of the 
at 21 cm occurs when the single electron 
hydrogen atom a 


М E t its lowest level passes from parallel to o pen 
direction of Spin relative to that of the nucleus of the atom. / 
though the transition occurs very atowe 
it supplies a continuous 

atoms of a gas cloud, 
been recorded where a 
and a strong source 


infrequently in any опе en 
Stream of radiation from the s pen 
The Corresponding absorption line has à ^ 
cloud of neutral hydrogen lies between WU 


radi irm d - wavelengths. 
of radio mission in continuous wavcleng 


14:11. Dimming of Starlight by Dust, 


Interstellar dust dims the 
light of stars behind it, 


p. " | those 
The dust also reddens the light of t 


А а š n than in the 
stars, because the dimming Is greater in the shorter than i 


i В „Несі is observed 
longer wavelengths of the light. A Corresponding eflect is ob 
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in the reddening of the light of the setting sun by particles of our 
atmosphere. 

The color excess of a star is the difference of magnitude by which 
the observed color index, blue minus visual, exceeds the accepted 
value for a star of its spectral class; it is a measure of the reddening 
of the star by the dust. Where the color excess is multiplied by an 
factor, we have the photographic absorption, that is, 


appropriate 
ı magnitudes the star is dimmed by the dust as photo- 


how much it 


a blue-sensitive plate. 


graphed with 


z 
ооо 


AREA © 


OBSCURATI 
So р г 
оч о 


1000 2000 3000 4000 
" DISTANCE IN LIGHT YEARS 


Photographic Absorption by Dust in Two Areas of Auriga. 
Й A rte “ E is sim " 
Fic, Mel. I ds s represent the averages lor many stars measured in 
вните: Pole a А 

The separate [ blue and red light. 


o»hotometric means 


‘The distance of a reddened star determined by 
de 1 for absorption, which magnifies the actual dis- 
cted distance, 7 is calculated by the formula: 
where m is the observed photographic 


requires correctior 
The corre 
т -M PB Ё, i 
M is the corresponding absolute magnitude for a star 
M is E 

r spectral type. and А is the photographic absorption. 


lance. 
5 log = 
magnitude, 
ol this particula 
14-12, The Dust Grains. Tum dimming of stars by intervening 
Cosmic ШЙ i attributed to particles ol the order of a hundred 


i in diameter. Du ai his size would 
thousandth of an inch ust grains ol t е 


. E il 
scatter the light 1n 1 : whieh d 
m the observed relation lor the reddened stars. Consider- 
) 


es would obstruct but not redden the starlight. 


iverse proportion to the wavelength, which is 


not lar [rc 

ably larger partic Eo | 

Thr >- of the dust Brains is not clearly understood: whether 
Ye origin € 


2 s ol the interstellar ga аге particles trans- 
they build up Irom atoms e interstellar gas or are р t 
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тє stars, or both, 
ferred to the medium from the upper atmospheres of st 

is conjectural. E aoier douko mer 

i З arize assage through с 
Starlight becomes polarized m its n 4 jh P abuti puri 

2 ; > photoelectric studies o jsp БИ , 

stellar dust, as the pl Бе exilaudtionss that ttis 
Hiltner revealed independently. A possible ex| Ds Eae ar ward 
polarization is produced by dust grains shaped e ee ы 
thich oj erted effect. by 5 

rotating on their short axes, Which give concerted ‹ 
themselves along magnetic lines of force 


‘This and 
[the galaxy. “This an 
эме feld have 
ti ‘Id ha 
ше : C galaxy has a general magnetic fic 
other implications that our galaxy has a general ag ана 
added other items to the growing list of problems in c ) 


magnetics, 


QUESTIONS ох CHAPTER 14 


1. Why are some nebulae luminous, 
2, Distinguish between emission 
and quality of their light. 
3. In what respects do 
ing around novae? 
4. Name: (a) a diffuse c 
Planetary nebula: (dyad 
5. How may interstel] 
of the st 


ractically dark? 
whereas others are practical 


r зе cause 
and reflection nebulae as to tl 


spatid- 
" " No ехрапс 
planetary nebulae differ from envelope 1 


a 

; "ша: (6) : 

mission nebula: (b) а reflection. пер i 

ark nebula cour’ 
Я 5 r 3 ines in the sp 

ar lines be distinguished from lines it 


Ye * ro Or 
E | к ` t into tw 
ars themselves? Why may interstellar lincs be spli 


more components? У whether 
6. How is it possible to dec ide by means of the Spectrum ая 
light of a star js reddened by interstellar dust? Define: ee id surround- 
7. Distinguish between the H-H and H-I regions of a gas clou 
ing a very hot star, 
8. The nebulous 
been ascribe 


the 


ve 
ў tygnus Па 
loop and fainter hydrogen wreaths in Суң 


jx plain. 
А regions. Expli 
d to collisions between the two hydrogen region 
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STAR CLUSTERS 


GALACTIC CLUSTERS — GLOBULAR CLUSTERS 


Star clusters are physically related groups of stars having their 
members less widely spaced than are the stars around them. The 
stars of a cluster had a common origin and are moving along to- 
gether through the star fields, so that the cluster will maintain its 
ng time. Although the members of a cluster 


identity lor a very lor 
ve stars have shorter lives 


are of about the same age, 
and are further developed in their evolutions than the less massive 
y give important information about the course 
Star clusters are of two types: galactic clusters 


the more mas: 


ones. "Together, the 
of stellar evolution. 


and globular clusters. | 
The brighter clusters are often called by special names, such as 


the Praesepe and Pleiades clusters. More generally, the clusters are 
designated by their running numbers in опе of two catalogs where 
they are listed together with nebulae and = galaxies. | Thus 
the great cluster in Hercules is known as M 13 or as NGC 6205. 
"The first designation is by the number in the catalog of 103 bright 
objects, which Charles Messier published in 1784; a useful list of 
these objects and their positions in the sky is giyen an Sky and Tele- 
scope for March, 19: I The second designation ol the Hercules 
its number 1n Dreyer’s New General Catalogue (1887), 
ensions in the later /ndex Catalogue (IC) lists over 


cluster is by 

which with its ext 

13,000 objects. 
GALACTIC CLUSTERS 


15-1. Features of Galactic Clusters. Galactic clusters are so named 
in our galaxy lic near its principal plane. They 


because those : 
appear close to the Milky Way except а few of the 
notably the Coma Berenices cluster, which is near the 
Milky Way. They are also known as open clusters, 


loosely assembled and are not greatly concentrated 


accordingly 

nearest ones. 
north pole ol the 
because they аге 


toward their centers. — - : 
The Pleiades, or “SEVEN Sisters,” in Taurus and the Hyades in 
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the same constellation are familiar examples el SUME perna 
Their brighter stars are clearly visible to the ш d eye | phan 
of the Coma cluster are faintly visible, “he Pracsepe E on is 
Cancer, also known as the “Beehive,” the double cluster in ee 
and some others are hazy spots to the eye alone and are resoly а il E 
stars with binoculars. ‘These are fine objects with small telescopes. 


а -— bsereatory 
Galactic Cluster in Coma Berenices, (Yerkes Obse 
photograph) 


\bout 500 galactic 
galaxy. Their 
few hundred, 


The known ga 


the 
a 


Е . ‘gion of 
clusters аге recognized in our regio is 
i n 
Memberships generally range from two doze к 
N ў . : lusters. 
eed 1000 stars in the rich Perseus € 


Же» Ў КР ront 

Пасс Clusters are all within 20,000 light years h | 
d : о 

the зип, More remote ones are too faint to be noticed in brig 


ilky Wav в ark areas. 
areas of the Milky W ay or are concealed by dust in the dark ат 


and exc 


15-2. The Hyades Cluster is relativ 


орет 
ely so near us that the pro} 
motions of its members offer 


ions 
i we on топот 
a good €xample of the comm 
Ol cluster stars. It comprises the 


itsell, 
Stars of the V-shaped group 105 
except the bright Aldebar. 


а " ion not 
an which hag an independent notior 
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shown in the diagram (Fig. 15-2), and also stars in the vicinity within 
an area having a diameter of 20°. The cluster of at least 150 stars 
has its center 130 light years from the sun. It is moving toward 
the cast and is also receding from us, so that the parallel paths of 


DECL. 
+25" 


+20 


“s 


>. е ее 
pis eer 
Д S bereigeuse zd 
———mpE—4--7^ 
[6 - 
+5 РҮ ah 
R.A. 6" 


ncc of the Hyades Cluster. The stars of the cluster 
“жк eins toward а point in the sky сам of the present position of 
19 SOUCErE IS: ths of the arrows show the proper motions in 50.000 
Betelgeuse. The leng years. 


Fic, 15-2. Converge 


roing toward a point in the sky east of the present 
oS 


its stars are conve Ada 
MSestius as in Orion. This cluster passed nearest the 


position of. Betelgeuse 


sun 800,000 ycars ago at half its present distance. 


gnitude Diagram is an array of points repre- 
color indexes of stars plotted with respect to their mag- 
In the diagram ol the Pracsepe cluster (Fig. 15-3) the stars 
from left to right—[rom blue stars such as Sirius at 
ars like the sun near the middle and to red stars 
index has a known relation to spectral type, 
ces as the temperature diminishes; it is preferred 
is and following diagrams, because color index 


15-3. The Color-Ma 
senting the 
nitudes. 
become redder 
the left to yellow 5! 
at the right. Color 
which also advan 
to the other in th 


T mined t 
can be determi | 

x om to the top o Ж. эуе. 1 дасе 
brighter from the bott p ol the diagram. In this case 


or ol 
the Praesepe cluster can inform us of the distance 


he more easily and precisely. The stars become 


served. photographic magnitude is plotted. 
the apparent. | Sra 5 | 


The diagram ol 
and relative age 0 
(1) Distance oft 
the standard spect 


[ the cluster, as follows: 
he cluster. Compare the Pracsepe diagram with 
rum-absolute magnitude diagram (Fig. 12.22), 
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supposing that the latter is first redrawn to the same es of color 
and brightness as the former. In the cluster diagram a main-se- 
quence star having the same color index, +0.6, as the sun, has ap- 
parent photographic magnitude, m, about 11.3. The sun's absolute 
photographic magnitude, M, is 4.8 +0.6 = 5.4. The formula: log 
т = (m — M + 5)/5 = 2.18 gives r, the distance in parsecs. Without 
correction for the eflect of intervening dust (14-11), the distance of 
the Praesepe cluster is acc ordingly about 150 parsecs. 


EXE REF ESO 


о 


о Ф 


GRAPHIC MAGNITUDE 
N 


PHOTOG 
A 


o 


0 +4 +В T2 +16 


COLOR INDEX 
Color-Magnitude Diagram of the Pracsepe Cluster. (Adapted 
from a diagram by Harold L. Johnson) 

(2) Age of the 
of the Praesepe 
brightest stars h 
cluster grows ol 


Fic. 15.9. 


; “quence 
cluster. Note that the top of the main i cin 
У š bcc ле 
cluster bends to the right and that a few of : 
ave е z ; As the 
C Moved away still farther to the right. AS i 
> А " + » 2 1€ 
sequenc Се, the Point at which the stars break from t 
псе progresses М 
prog down the sequence, as we see presently. 
15-4. Dista 5 of Galactic С "16 salweti 
tances { Galactic Clusters, The distances of 16 galactic 
clusters, given in Table 15-1, Were derived by H. L. Johnson from 


‘sures of the brightness ol the cluster stars 1n 
the ultraviolet, blue, and yellow. 


his photoelectric me: 


His method was to restore to their 
each cluster main sequence the 
ay Irom this sequence. With allowance 
cening of the cluster stars by intervening 


original apparent magnitudes on 
stars that have broken aw 
for the dimming and redd 


Ny 
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Tarte 15-I Distances or GALACTIC CLUSTERS * 


Cluster Constellation Parsecs | Light Years 
Hyades Taurus 40 130 
Coma Coma Berenices 80 260 
Pleiades "Taurus 126 410 
табар Сапсег 158 515 
M 39 Cygnus 250 820 
IC 4665 Ophiuchus 330 1080 
M 34 Perseus 440 1440 
М 25 Sagittarius 550 1790 
M 67 Cancer 830 2710 
NGC 2264 Monoccros 870 2840 
M 36 Auriga 1260 4110 
NGC 2362 Canis Major 1450 4730 
NGC 6530 Sagittarius 1580 5150 
NGC 2244 Monoceros 1660 5410 
M11 Scutum 1740 5670 
Double Perseus 2250 7340 


*Detennined photoclectrically by Harold L. Johnson, Lowell Observatory. 


ed main sequence was then matched with that of a 
magnitude diagram. The difference, ap- 
absolute magnitude, at corresponding points in the 
left of the diagrams gave all the information needed 
ice of the cluster by the formula we have 


dust, the restor 
standard. color-absolute 
parent minus 
two scales at the 
lor calculating the 
already noted. 


distar 


ers of Different Ages. The theory of stellar evolu- 
tion described in the following chapter first traces the stars from 
their births in the nebulae to positions of temporary stability on the 
nce of the color-magnitude diagram, Here they are ar- 
r of color, from blue at the lelt to red at the right. 
In this order the stars of a cluster break from the sequence and 
ne right tO become giant stars. The greater the age of a 
he main sequence is the place where the stars 


15-5, Star Clust 


main seque 
Yayed in orde 


move to tl 

Cluster, the lower ОП t 

begin to break fron the sequence. 

A composite color-magnitude diagram for ten galactic clusters and 
5. The color indexes, blue 


one globular cluster is shown in Fig. 
minus visual, of the cluster stars were plotted against their absolute 
al, 


296 STAR CLUSTERS 


visual magnitudes, and the trends of the points so plotted are rep- 
resented here by broad lines. The ages of the clusters in years are 
read from the scale at the right opposite the points where the curves 
begin to break from the main sequence. Above its point of depar- 
ture a particular cluster has no stars remaining on the sequence. 


LITT LE 


10 119° 


h+X Persei 


ы — eoo 
hex Perse 
Bi 65110" 
з 
Pleiades 
-2 TT 
2 — reso 
е ———|\2,!® 
4 dns 
* 2.9110 
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Fic. s% 


Color-Magni s 
Magn А а. ai — с 
Globular Cluster М "à oe Diagrams for 10 Galactic Clusters and th 

* Color indexes arc plotted with respect to absolute 


visual magni 
Sates (Diagram by Allan Sandage) 


NGC 2362 is the youngest cluster 


" . figure, Al 

х . | represented in the figure. / 
though its bluest stars have already begun to move away, the yellow 
and red stars have not vet h В 


Ug: 1 ad time to reach the main sequence. 
The double cluster in Perseus is also in dts puli. The Pleiades 
cluster is middle-aged, and the Hyades and Pracsepe clusters are 


approaching old аре. M 67, age 7 billion vears, is the oldest cluster 
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represented; it breaks from the sequence where the stars are not 
much bluer than the sun. The sun itself has moved only slightly 


from the sequence since its arrival therc. 


15:6. The Lives of Galactic Clusters. The common motions ol 
the stars of a cluster indicate their common origin in a fragmented 


interstellar cloud. The persistence ol the nearly parallel motions 


F 15-6. P pe Cluster in Cancer. (Photographed by William Henry) 
Mic. 15.6. raesepe s 
vly the cluster is loosened and disperse d by at- 


shows how very slov 


and collisions with cosmic clouds in the fields 


tractions of stars 
through which it passes: 
removed Ir 


Ihe more compact clusters and especially 
om the central plane of the galaxy should 


those farther 


gest lives. 


have ; 
е the long sei TR А : 
M 67 may have the longest life of any galactic cluster; 


The cluster 
it breaks from the 
globular cl 
‘This cluster 


usters А 
м 67, however, is 5 times as far away from us as 1s 


tin sequence at about the same place as does 
uster M 3. Yet M 67 still contains at least 
in Cancer is about 10° from the Praesepe 


are more than 50° Irom the central line of 


ma 


the durable 8 
500 stars. 
cluster. Both cl 
the Milky Way- 


elore at an unusually great distance from the 


Praese | is the! 

љере anc is à 

pri i i pl of the Milky Way: there it is relatively immune 
ncipal. plane a. 

to Po aii дун which tend to disrupt clusters. 


STAR CLUSTERS 
298 


GLOBULAR CLUSTERS 


15-7. The Brighter Globular Clusters, Globular Piscis ae 
roidal assemblages often of many tens of Herne © TAM e 
are much the larger and more compact of the two ES т v5 DE 
100 are recognized in our galaxy and many more ы ue ve 
hiding behind its dust clouds, Instead. of ori ly heed 
Milky Way, as the galactic clusters do, they form а nearly e them 
halo around the galaxy. Relatively scarce in Spaces Bar Е 1 us 
has been seen within the distance of 90,000 light years ene 
where all our galactic clusters are observed. Their ае 
makes them visible afar in our galaxy and around nearer e 
alaxies. — ar 
à The brightest globular clusters for us are Omega ne va 
the northern edge of the Milky Way in the south polar region, 

47 Tucanae, also in th à | 
as slightly blurred st 
nations as stars befo 
two are the ne 
years, and are 


ided eye 
at region. They appear to the crie LA 
ars of the 4th magnitude and Ба These 
re their true character was ora, та 000 light 
arest globular clusters, at the distance of 22, e 
among the richest in stars. ^0 
M 13 in Hercules i faintly visible to the unaided 918 е; M $ in 
in Sagittarius, M 5 in Serpens, M 55 in Sagittarius, an favorable 
Canes Venatici с 
conditions, 


M 22 
à s a telescope in 
ап be glimpsed without a telesco] 


J e of 30,000 light 
15-8. The Hercules Cluster, M 13, at the distance of 3 
years 


it pa 


А s, where 
* s К n latitudes, i 
5 well known to observers in middle northern 'This 


ap: 


| i ч ; of summer. 
5 Nearly overhead in the carly evenings of su 
cluster covers an 


а of the sky having two thirds the ee A 

parent diameter, Its linear diameter is 160 light years, 0! t 

tance of Spica from the sun, ; —" 
More than 50,000 Stars of the Hercules cluster are bright Sie the 

to be observed with present telescopes, although the stars odd 

central region are too crowded to be counted separately. 196 


ч А e yellow 
ed as half a million stars, including the } a: 
and red stars of the m 


membership is estimat 


ain Sequence, which are too faint to be ге 
served. The slightly elliptical outline of the cluster, less pe bs 
of Jupiter's disk, suggests flattening at the poles by xd eas 
but no other evidence of rot 


ation has been detected. 
The stars in the comp 


srcules cluster 
act centra] region ol the ru SH e from 
| rth? stanc 
have an average separation of 20,000 times the carth's dist 
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the sun, or about a twentieth of the spaces between the stars in the 
sun's vicinity. For anyone observing from there the night sky would 


have a splendor quite unfamiliar to us. Probably a hundred times 


M 13 in Hercules. (Mount Wilson and 


MR я ar Cluster 
Fig, 15:8. Globular srvatories photograph) 


Palomar Obse 


see in our skies would be visible to the unaided 


as many stars as WC н S. ab 
Я t ones would shine as brightly as the moon 


eye, and the brightes 
does for us. 


15.9. Variable Stars in Globular Clusters. Ше presence in these 
clüsters of many stars that are vaniable ШЫН has been rec- 
Ognized for a long tunes 3 poe lis doin RR Lyrae variables, 
hay ing periods around half oem SE $ed cluster variables, 
they Bis now known to be even more abundant outside the clusters, 
More than. 1400 vari: 
the 72 clusters that hare. y Н à s 
ie the richest in known variables, having 187 and 


Among the few variables of other kinds in such 


ible stars аге listed by Helen Sawyer Hogg in 
e been searched for such objects. M 3 and 


Omega Centauri ar 
164, respectiv ely. н 
Clusters are some type Lcepneids: 

em of Globular Clusters. Harlow Shapley, in 1917, 


15-10. The Syst Sha ont 
| ard the present understanding o 


made the first important step tow 
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our galaxy by determining the arrangement of the globular clusters 
in space. His purpose was to answer a question of long standing: 
Do the stars go on out into space indefinitely, or do they form a 
system of limited extent? His idea was that the cluster system should 
have about the same dimensions and center as the system of stars. | 

Shapley measured the distances of the clusters by use of their 
RR Lyrae stars, which can serve as distance indicators, as we have 
seen (13-15). Having found the distances and of course knowing 
the directions from us, he then made a model of the cluster system, 
showing the sun’s position in jt, With later correction for the 
effect of intervening dust in magnifying the measured distances, the 
cluster system occupies mainly a spherical volume of space 100,000 
light years in diameter surrounding the flat disk of the galaxy proper. 
The center of the system is 30,000 light years from the sun in the 
direction of Sagittarius and in the region of the sky where a third 
of the globular clusters are found, 

This classical survey 


EN 
established the separate status of our galaxy 
and the eccentric position of the sun in it. 


i у А at arrays the 
15-11. Two Stellar Populations, The diagram that arrays u 


fus 'e vieinitv with 
spectral classes, or else the colors, of stars in the sun's vicinity wit 


Я : SN һе 
respect to the absolute magnitudes differs from the diagram for 


: А s ‚ Walter 
globular clusters. Interest. in this matter was increased by - ilar 
y T a ; i 1 абаат 
Baade's discovery with the 100-inch telescope, in 1913, that a Pai 

difference is shown in the galaxy M 31 in Andromeda between 


iral ar ; ый anions 
Spiral arms and the central region or the two elliptical compan 


"- ы and Il 
of that galaxy. Baade called the two arrays populations I anc 
respec tively (F ig. 15-1 1ў. 

The ^ s > > е т or 

| type I Population is represented by our region of our gal 4 
and Was ae : Р A ants region 
жй “cordingly the first to be recognised. It frequents rcg! 
where gas and hot blue 


axy 


dust are 


І abundant. Its brightest stars are 
Stars of the main Sequer 


А s sare mainly 
nee, which is intact. [ts giants аге manm 
red stars around absolute 
population. 

The type H Population, 


occurs in regions Iree 


е + Съз йс д youn 
Visual magnitude zero. This is a у 9 


represented by the globular clusters, 
from gas and dust. Its brightest stars аге 
K-type red giants of absolute Visual magnitude ~ 2-4, where the 
giant sequence begins. On the downward slope in the diagram this 
sequence divides into two branches, one of which runs horizontally 
to the left at magnitude zero. The second branch continues 1n 
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SPECTRAL CLASS Ы 


Magnitude Diagram of the Type П Pop- 


tars of type 1, as in Fig. 12-22. The shaded 


Fic, 15-11. Original Spectrum 
(Adapted from a diagram by Walter Baade) 


ulation, “The points represent У 

Strips represent type 1I giants. 

about the original direction until it reaches the type I main sequence, 

$ ле origina " | 

‘To the lett ot the junction there are no main-sequence stars of the 
те ie › 


cluster, This is an olc 


tio 
1 population. 


e Type П Diagram. An extension of Baade's 
hotographs of the globular cluster M 3 with 
shown in Fig. 15-12. RR Lyrae stars were 


15.19, Extension of th 
type I diagram from p 
the 200-inch telescope 15 


not included in this survey: | 
they would appear suggests that this may be exclusively the domain 
б would а ar sugg i 


of these variable stars- From the lower end of the vertical giant 
branch the remnant of the cluster main sequence is shown extend- 
ы 1 1c E x a Ж 
ing down anil f the right to yellow stars at the limit of faintness 
— ) 
for the larger telescope 
алф types p and H represent extremes of young and old pop- 
k intermediate types have seemed to be needed to 
e ages ol stars in diflerent parts of our galaxy and 


a gap in the horizontal branch where 


ulations of stars. 
indicate the relatis 
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1 
N o N 


ABSOLUTE PHOTOVISUAL MAGNITUDE Mv 
> 


"9 “4 0 4 8 12 1.6 
COLQR INDEX Р-У 


» Color-Magnitude Diagram of the Globular Cluster M 3. a 
type HH array of the cluster. stars is shown by the solid lines. ‘The a 
sequence and red giants of the type | population are represented by t^ 
shaded areas. (Diagram by Н. C. Arp, W. А. Baum, and Allan Sandage) 


‘The 


Fic. 15:19 


of exterior gal been 


axies. Five types of stellar population have 
propose - à 1 
proposed (17-8) instead of two. 


Questions ON CHAPTER 15 

I. Distinguish between 
example of each type. 

2. How may the айс, ad when 

i С “lstance of a galactic cluster be calculated whe 

color-magnitude diagram is determined? 

8 Жей " M TA p be 

3. Explain that the distance and lincar diameter of a cluster may 


agnifie he me : 5 Ў is not 
magnified by t nethod of Question 2 if dust intervenes and is 
allowed for. 


4. Turning to the color-magnitude 
the Perseus double cluster may be 
middle age. and M 67 in old age. 


5. Describe the method of evaluating the distance of a globular clus 
containing RR Lyrae variable stars. 


is Jame an 
galactic and globular star clusters. Мат 


its 


15-5. explain that 


diagrs Fig. ч 
шигы ТШ the Pleiades 1! 


considered youthful, 


ter 
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6. How did Shapley demonstrate from the globular clusters the separate 
status of our galaxy and the sun's eccentric position in the galaxy? 

7. Distinguish between the original types I and H of stellar population. 
‘Take as examples the stars around us and the stars in globular clusters. 

8. Describe the later extension of the type П diagram (Fig. 15-19) and 


its significance. 


ng Telescope, Mount Wilson Observatory. 


Fhe 100-inch Reflect 


16 
THE LIVES OF THE STARS 


YOUTHFUL STARS — THE STARS IN MIDDLE AGE — THE 
DECLINING STARS 


The problem of stellar evolution is to understand how £o 
born and how they spend their lives until they cease to shine. кес 
idea that stars condense from nebulae was pioneered by Kant ед 
Laplace in the 18th century and has persisted to the posit gs 

New stars arc continually forming from condensations 1n 
interstellar gas and dust 


favored theory 
» according to the presently favored 
of stellar evolution, 


The primitive stars are heated by рас 
until they begin to shine. Thereafter, they go on cg age or 
their central temperatures are hot enough to permit the builc "s 
ир of atoms of heavier chemical elements from lighter ones. em as 
synthesis, as of hydrogen into helium, then pao КӨННЕ 

the main source of stellar energy. 


The stars stay on the main sequence as long as they saul 
ally homogeneous in composition. The energy бүк ling up 
fusing atoms keeps the stars shining steadily. As the bui P кеа 
of helium in their cores continues, the stars eventually 1980 = испсс 
they then begin to expand and brighten, leaving the main seq 
to become giant sta 
redder ones, When 
hausted 


prac 
y the 


tic 


rs. The bluer stars withdraw BOONES ue A 
their available supplies of atomic fucl : Бы 
ted, the stars collapse and finally approach the end о 
luminous careers as very dense white dwarf stars. 


YOUTHFUL STARS 
16-1. The Birth of Stars, 
conveniently with structuy 
doud develops in the 


ч begins 
The account of stellar evolution Eus 
When a dens 


eless interstellar gis. the 


i К sated in 
Bas and is no, considerably heated 
process, the cloud is likely to conde 


Е Й ауну 
е further under its own gr 
and to break into smaller clouds, 


. dc would һе 
The fragmented € ‹ 
the beginning of a cluster or an association (16-3) of stars. — 
н » mieten i 
Photographs of the Milky Way show small roundish glo 
304 
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of dark material against backgrounds of star-rich regions and of 
bri 3 ION ре T : ч : А 

л ight nebulosities, such as M 8 (Fig. 16-1). These dark spots, which 
continue In а sequence of diminishing sizes to the limit of the 200- 
inch telescope, аге viewed with interest as perhaps representing the 


first visible stages in the formation of stars from nebulac. 


in Sagittarius. (Photograph by М. U. Mayall with 
flector. Lick Observatory) 


Fic, 16-1. Nebula M 8 
the Grossley те 


tion to the idea that such protostars can be observed is 
ikely to [ог 
, d by dust in the clouds. Exceptions are con- 
when the most massive stars of а very 
The intense 


An obje 
that stars are | 
they would be ‹ 
Sidered possible, 
young group have 
radiations of these 


m in the interiors of cosmic clouds, where 


onceale 


however, 
already become hot blue stars. 
of the dust 


stars may have dispersed. enough 
n still form- 


hat the redder members can be see 


around the group sot 
жыл. 115 seer > be Я 7 the T Tauri 
ing within the cloud. I ns to be the case with 


Stars, 
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me by 
16-2. The T Tauri Stars were so named aod кшз. 
А. Н. Joy, who in 1945 first тегавец them ae other heavily 
bers in a clouded arca of ‘Taurus, Now observe > yellow апа red 
obscured regions of the Milky Way as well. dra dia m ч elar 
stars are irregularly variable in brightness. idees ^I superposed on 
acterized by strong bright lines of various Peer sud doe рй: 
ordinary dark-line patterns. In some cases the е Дава 
tions of the surrounding clouds, producing fan-s а ais 
nebulae which may be variable in brightness and TT onn stars 
Young Stars v recently formed in the clouds, the ke in their 
are believed to vary in brightness and to have bright е ая 
spectra because of the instability of extreme youth oT Hide ee 
by their interaction with the dust grains of the clouds. 2 
Stars appear in the photogr. 


rs were pre- 


n here sti 

aphs in places where no 5 ly by rapid 
extre (2 ately x 

viously observed; these may have been revealed lately 

thinning of the dust in front of them. 


16-3. Associations of Youn 
sumian called attentior 
called associat tons, 


art- 
g Stars. Several years ago, ee he 
to groups of type О and B re The 
in nebulous regions of the Milky by mutual 
are not held together firmly a i wx differ- 
gravitation to prevent their dispersal by separate motion ауе 
ent directions, by 
not had time arc 


stars of each group 


: ey | 

Evidently the groups are so young S 

to disperse. Some associations, pictae iln 

Adriaan Blaauw and W. W. Morgan at Yerkes A 

definitely spreading from centers where they must has ‘ Sd radial 

Blaauw was first concerned with the proper motions 2 after its 
velocities of 17 stars of the Zeta Persei association, named 4 


> dis- 
: сер? at the ¢ 
brightest member, He found that stars of this group, ес 
tance of 529 light yea 


away from the cent 
ago. It came as 
rapidly. 

Blaauw and Morgan h 
association centered in 


Y um 
ars from us, are moving at the rate kaon 
** where they were born only 1.3 mi ук, 
а surprise that cosmic evolution could р! 

d of an 
ауе reported a remarkable m ve 
Orion at the distance of 1300 на 8 
The stars here are Withdrawing Benerally at the e ol E 5 ago- 

have started out 2.8 million A ро 
Two of them, AE Aurigac and Mu Columbae, however, ee ae 
of 130 km/sec. These and Possibly a third star, 53 шеи 
already moved out of Or ene: 


ars. 


km/sec, so that they must 


ion into neighboring constell: ene 
à , сае 
The type O9 star AE Aurigae has reached the vicinity « 
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ula IC 450, which it is now illuminati 
5 uminating. 2 а atur 
seri rig eet ele Sia ting An unusual feature, de- 
y С. Н. Herbig, is that part of the nebula gives an emission 
spectrum, as would be expected. from the presence of the very hot 
star, whereas another part gives a reflection spectrum and has more 
nearly the color of the star itself. It would seem that there has not 


1 of Zeta Persei Association. Arrows show directions 
s of the stars during the next 500,000. years. 


Fic, 16-3. Expansiot À 
т motion: ; 
Adriaan Blaauw) 


and amounts of proper © 
(Diagram by 


the star came near the nebula for the radia- 


been time enough since А 
the dispersal of the nebular dust 


tions of the star to complete 
16-4, Arrival at the Main Sequence. When the contracting stars 
Of a cluster or an association have begun to shine, they move to the 
left in the color-magnitude diagram until they reach the main 
Sequence, ‘The stars аге brighter and attain higher surface tempera- 
tures as their masses АГС greater. Thus they array themselves along 
this diagonal band in order of mass, the most massive stars at the 
blue end and the le 

The time теўи! 
also depends on the 
at the main sequent 


ast massive at the red end. 
„d for the development of the stars ol 
The more massive blue stars May arrive 


a group 


masses. 


e only a few hundred thousand years after their 
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births; these hot stars have presumably blown away enough dust 
from around the group so that we are able to look into the cloud 
and see how the other stars are progressing. “Ihe least massive stars 
may require many million years to arrive at the sequence. Thus in 
some very young clusters the blue stars are already settled in the 
sequence, while the other stars are still approaching it. 


-2 0 28 4 6 8 io 12 14 16 18 
F B-v 
The is. Color Apparent Magnitude Diagram of Cluster per ai 
Sequence Ee have arrived before the others at the sapaqa m 
Presented by the curve. (Diagram by Merle F. Walk 


2264. 


This recent] sery 
s ү rer. А F Я 5% : - vcr 
У recognized eflect is shown in Fig. 16-4 for the" 7 
young cluster NGG s. 64; - the central line of the 
Milky Way al 79! In Monoceros, near the centr ў 
Milky Way about 15° ,. P light years dis 
у | ж Чам of Betelgeuse and 2800 light y 
fant from us. The Points * stars appear on 
the mai sé iM representing the blue stars ap] ; de- 
i D sequence, where those for the yellow and red stars c 
part abi uptly to the right from the standard sequence at type A 
and tend to lie about ? magnitudes above the curve. Many of the 


latter are variable stars of the Т Tauri type according to Walker: 


16:5. The Stable Main-Sequence Stars. Contraction is halted when 
the stars reach the main sequence. This process, which was regarded 
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in earlier theories as the main source of stellar energy, is inadequate 
to supply the stars during their long lives. Contraction suffices in 
the present account to heat the stars to central temperatures that 
are high enough to initiate the fusion of lighter chemical elements 
into heavier ones. Atomic syntheses then become the source of 
stellar energy and continue to be until the stars’ supplies of atomic 
fuel are exhausted. 

Main-sequence stars are stable for a time, neither contracting nor 
expanding. They accordingly vary little in size, temperature, and 
brightness, Consider the sun as an example. Eee 

At any level in its interior the sun is in mechanical equilibrium; 
the weight of overlying gas is just supported by the upward push 
at that level. Because the gas pressure depends 
On the temperature of the gas, among other factors, the temperature 
becomes known when the other necessary information 15 available, 
Obtained in this way, the sun's present central temperature is 15 
million degrees centigrade. nother forin of balance er the жез 
concerns its shining. The rate of radiation of energy from the sun’s 
followed by 23 ciphers horsepower. In order на ргеѕегуе 
this must also be the rate at which energy 
As soon as the sun reached 


of the gas pressure 


Surface is ? 
the mechanical balance, 
the hot core of the sun. 
the central temperature became high enough 


n into helium with the release of 


15 provided in 
the main sequence, | 

"We г hydroge 
to promote the fusion of hydrog 


3 eed constant rate. 
Energy at the required const 
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16-6. Fusi of Hydrogen into Helium. The relative weight of 
5. Fusion a hydrogen atom is 1.0076 and that of a helium atom 


electrons norn 
here, because these atoms are stripped of 


the nucleus of 
is 4.003. ‘The 
be taken into 
their electrons i! 
atoms unite 10 fo 


rally associated with atoms need not 
account ? 
i the hot interiors of stars. When four hydrogen 
rm one helium nucleus, seven tenths of one per 
Cent of the original 125 is left over. The sod mass is conver ted 
into energy. ВУ the. relativity theory, the amount of Mic de 
ergs) released equals the mass (in grams) В! the exces шшен 
Multiplied by the square ol the speed of light (in пЗ d 
second). Calculation by this formula shows ‘that enough energy is 
thereby made available to keep the sun shining at the present e 
if 700 КЕТИР tons ol hydrogen gas are converted each second to 
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695 tons of helium in the sun's interior, This colossal consumption 
is trivial compared with the vast supply of hydrogen in the sun. 

Two possible processes by which hydrogen may be fused into 
helium in the sun and stars were explained, in 1938, by the physicist 
Н. А, Bethe. One of these, known as the carbon cycle, because 
carbon serves as a catalyst to promote it, becomes effective in stars 
hotter than the sun. The second process, known as the proton- 
proton reaction, is considered more appropriate at the central in 
peratures of the sun and the main-sequence stars redder than the sun. 

In the proton-proton reaction in а form somewhat dillerent than 
in the original proposal, six protons, or normal hydrogen muelet, 
unite successively in the sun to form a helium nucleus, leaving the 
two unused protons to go back into circulation. “The excess nass 
in the four protons employed is released as energy, which is carried 
up to the зип surface to contribute to the sunshine. 


16-7. Evolution from the Main Sequence. While the hydrogen AN 
the hot core of а star is being converted more and more to еШ: 
the core contracts and grows hotter, and a new balance requires that 
the outer layers of the star expand, ‘The star becomes brighter ap 
redder, moving away from the main sequence. The evolution i 
more rapid for the blue stars, which consume their fucl at p 
rate, than for the redder stars. We have noted this effect in the 
diagrams ol galactic clusters and have seen how the main sequens 
disappears progressively from left to right as the clusters are older. 
When the 
indi has become hot enough so that its fusion „рза ri: S 
F or ag on ata furious rate. Presently the star n s anit 
n “minous career as а red giant. MI its hydrogen : 
Consumed; and if it is not considerably more massive 
the star With its maximum central temperature of ie 


million degrees С has lit Бегае hor snongh Tor the synthesis ol 
helium to heavier cleme which 


; a nearly exhausted, 
hydrogen in the core of the star is nearly exhau 


is then nearly 
than the sun, 


i i 1 nts. Its only recourse is to contract, 
It continues to do unti) the white dwarf stage is reac ied, f 

16-7 shows the probable evolution tracks o 
stars of the globular cluster 


The diagram of Fig. 


M 3 since they withdrew Irom the main 
On years ago. Stars originally a little 
abe now red giants, and those that were still bluer 
are presumably moving to the 


sequence more than 5 billi 
bluer than the sun 


left in the diagram 0! have already 


declined то become white dwarl stars in the lower left corner, Mean 
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=%0 CONSTANT TIME —— — 
LOCUS AT 5.1 x 10? YR. 


-2.0 


+2.0 


SEMI-EMPIRICAL 
*— ——EVOLUTION TRACKS 


ORIGINAL 
MAIN 


+4.00  sEQUENCE 


ABSOLUTE BOLOMETRIC MAGNITUDE 


+6.0 


3.8 3.7 3.6 


LOG Т, 39 


Semiempirical Evolution Tracks of Stars in the Globular 


Fic. 16-7. : i 
Cluster M 3. Values of log T, correspond to the following spectral types: 
3.0 to А5. 3.8 to F5. 3.7 to KO for the main sequence and GO for giants, 


nain sequence and KO tor giants. (Diagram by Allan 
Sandage) 


3,6 to KS lor thet 
the cluster stars that were similar to or redder than the sun 


while, 2 
$ above the main scquenc c. 


have not yet rise 


n ki 


16:8. The Life of the Sun. As an example of the evolution of a 
star of moderate mass, Allan Sandage has predicted the future of the 
sun and its effect on the earth. He makes the reasonable assumption 


that the sun's evolutionary Wack in the temperature luminosity dia 
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gram of Fig. 16-8 should closely resemble the color-magnitude dia- 
gram for the stars of comparable mass in the cluster M 67 (Fig. 15-5). 

The sun today is approaching middle age: it has brightened only 
slightly in the 5 or 6 billion years since it lelt the main sequence 
and will continue to brighten moderately for 6 billion years morc. 
Life on the carth should go on in reasonable comlort to the end of 


1000 
"К 


о 
о 
о 


о 
о 
i 
| 
ПА 
т 
D 
o 


à 
[e] 


OCEANS — 
CONDENSE 


LIFE POSSIBLE 


CO, 


m 
o 


RADIATION TEMPERATURE OF EARTH 


001 О! [ 10 100 
SUN'S RADIUS R/o 


O00! 


та Ud. Predicted Variation in the Earth's. Radiation FVemperature äs 
WolMUON Alters the Sun's Radius. Lemperature is on the absolute centi- 
grade scale. (Diagram by Allan Sandage) 
that period, as far 
Will begin to consy 
following 500 mill 
500° C. The oc 
tions will be mi 


as this eflect is concerned. Thereafter, the sun 
Me its remaining hydrogen so rapidly that in the 
ton years the temperature on the earth will vise 
‘NS will boil away, lead will melt here, and “condi- 
Дд. : ble,” as Sandage remarks. At its maximum the 
sun gul appear е red globe in the sky 30 times its present diameter. 

With lite available fuc] remaining, the sun will then decline 
rapidly, moving to the left and down in the diagram. Water on 
the earth will condense again to form Oceans; these will soon freeze 


and carbon dioxide will freeze as well. ‘The sun will end its visible 


lile as a white dwarf star, according to this prediction, having a 
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higher surface temperature for a long time than that of the present 
sun but a diameter more nearly like that of the earth. The sun- 
shine will be less than a thousandth as bright as it is now, and the 
temperature at the earth's surface will be more like the present low 
temperature at the surface of Neptunc. 


16-9. Evolution of More Massive Stars. All yellow and red main- 
sequence stars are expected to follow about the same track of evolu- 
tion that we have traced for the sun. Stars considerably bluer and 
more massive than the sun will have shorter active lives. The most 
massive ones will exhaust their supplies of fucl in scarcely more than 
a million vears. We have seen how they have already broken away 
from the main sequence in very young clusters such as the double 
cluster in Perseus. 


The middle st ! 
likely to be more spectacular than in the case of the sun, because 


aures. These stars at their hottest may 


(ges in the lives of blue main-sequence stars are 


they attain higher temperatur. 
f building of chemical elements beyond helium and may 


continue the F А 
their material to the cosmic clouds by powerful 


return much of . 
explosions and by other less violent means. 

16-10. Synthesis of Heavier Elements. Two recent theories of how 
the chemical elements originated have been of special interest. In 
the first theory, George Gamow and associates suppose that before 
the stars were born the elements were built up from neutrons in the 
an hour in the very hot and dense early stages of the 
expanding universe. The second theory, as described by W, A. 
and associates, supposes that helium is synthesized. from 
g stars and that the process is extended to the 
ements in the more massive stars, 


course of half 


Fowler h 
hydrogen in evolvin 
forming of heavier cl red 
"The later theory supposes that the fusion of helium atoms into 
those of heavier elements begins in flig eis of the more massive 
star when it attains a temperature of 150 million degrees centigrade, 
At this temperature three helium nuclei can be forced together to 
form a carbon nucleus, which in turn may capture helium nuclei 
to produce successively oxygen, neon, and perhaps magnesium. 
When thc supply of helium in the core of the star is nearly ex- 
hausted, the core contracts and grows hotter, extending the com- 
bustion of helium into the mantle. The outer layers expand and 


the star brightens until it becomes а supergiant. At a central tem- 
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perature of 5 billion degrees the building of clements should go 
as far as iron, the final synthesis that can release energy for the star's 
radiation. The synthesis of elements heavier than iron might then 
be accomplished, as in the Gamow theory, by successive captures 
of neutrons that were releas 
ess 


d abundantly in the preceding proc- 


it could possibly be extended to the heaviest known elements 
by use of the great energy provided by the explosions of supernovae. 
Explosions of great violence are known to produce the heaviest 
elements. As an example, traces of the very heavy element cali- 
fornium were identified in the residue of a thermonuclear explosion 
in the Bikini tests of 1952. 

Thus, according to the theory, atoms of heavier chemical elements 
have been and will continue to be formed from lighter atoms in the 
evolving stars. 


16:11. Return of Material to Cosmic Clouds. In the course of their 
lifetimes the stars return to the interstellar clouds much of the ma- 
terial they originally acquired from the clouds. As nples, the 
supernovae may blow out more than the sun's mass of gas at a 


single explosion. The normal novae eject much less material оп 
ach occasion, but they explode much more frequently. ‘The ex- 
panding planetary nebulae and the red supergiants are important 
contributors. In the average a star jettisons half its original mass 
during its lifetime. The other half remains when the white dwarf 
stage is reached. 

In the exchange of material between the clouds and stars, the 
clouds are becoming more complex chemically as the galaxy grows 


older. The , à А т - 
d The stars of successive generations formed in the clouds 
contain a gre 


of tl ater percentage of metallic gases compared with those 
1c L 


lighte: x TM 
1 56У elements. All in all, as J. L. Greenstein remarks, а 
ооа Case са ; : ive x - 
oo ph can be made for systematic change in the relative abun 
dances of the elements, d 


It is convenient to Uppose the first-generation stars were originally 


of pure hydrogen. А second-generation star might also contain 


helium, carbon, oxygen, and nitrogen, but no metals: however, no 
relic of either type is known. The sun would be at least а third- 
generation star, having all the elements heavier than hydrogen and 
helium as impurities. Although its age may be as much as 6 billion 
years, the sun is younger than the stars formed near the beginning 
of the metal building process, 
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16: 12. СоПарѕе of Old Stars. When a star has nearly exhausted all 
its available fuel, the cooling gas in its interior no longer has ini 
outward pressure to support the weight of the gas above. The star 
accordingly begins to COREANI For a time the additional heat nie 
l by contraction raises the temperature of its diminishing mim. 
From its place as a red giant in the color-magnitude 
apidly to the left, becoming yellow and then 


ducec 
ing surface. 
diagram the star moves T 
blue until it arrives in the vicinity of the main sequence. 

The account of the declining period of the evolution is incom- 
It scems probable, however, that the star would then quickly 


plete. 
collapse with repeated explosions until it reaches the white dwarf 
stage. This part of the decline may be illustrated. by the recent 


behavior of the star WZ Sagittae, which flared out as a nova-like 


star in 1918 and again in 1946. It is now a white dwarf, having 


about a hundredth of the luminosity of the sun. 


16:13. White Dwarf Stars have diameters comparable with that of 
the earth, and masses 
compressed 


averaging half the mass of the sun. They 
gas that may be a million times as 


are globes of highly 
i ess dense 65-mile envelope and a 


dense as the sun, ast 


de from a 1 


He 


He 


H,Ca* 


Mg,Ca* 


Fic. 16-13. Spectra 
left to Hg at the right 
spectra are denoted 


of Ww hite Dwarf Stars. From the ultraviolet at the 
Chemical elements prominently represented in the 
at the left. (Photographs by Jesse L. Greenstein) 
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surrounding atmosphere. Although they comprise 3 per cent of the 
stars in the galaxy, they are so faint that only a few hundred have 
been identified, many of these in the searches of W. J. Luyten. 

Examples of white dwarfs are the faint companions of Sirius and 
Procyon. Another is a companion of the star 40 Eridani; D. M. 
Popper has observed that the lines in the spectrum of this star are 
shifted to the red by an amount that agrees well with the shift pre- 
dicted by the theory of relativity for this very dense star. | 

The spectra of 50 white dwarfs have been photographed with the 
Hale telescope by J. L. Greenstein, Some spectra show only helium, 
others only hydrogen, others only a few metallic lines, and still 
others no visible lines at all. There is no relation between the 
spectrum patterns and the colors, as with normal stars. 

The white dwarf stars, which are also yellow and even reddish, 
form a sequence below the main sequence in the color-magnitude 
diagram. They move very slowly to the right along their sequence 
as they cool, without any reduction in their diameters. Martin 
Schwarzschild has said that a white dwarf requires 8 billion years to 
cool from the initial blue stage to the red stage and from there а 
longer interval belore it ceases to shine. It may be that our galaxy 


P^ not yet old enough to possess a single “black dwarl. 


16-14. The Present Theory of stellar evolution resembles earlier 
ones in tracing a star from its birth in the nebulae to its final d 
Nous stage as one of the densest known stars, Contraction remains 
the principal process in youthful stars; it is further introduced at 
critical periods in the star's middle age, when the supply of avail- 
able fuel runs low, and it becomes the principal process again dur 


ing the initial s, . 
E 10а] stages of the star's old age. 
Novel features of the 


ату i ё 
+ А present theory аге noted partic ularly in th 
intermediate stages of y 


“rs P ey. ion 
, he star's career. The spectacular evolutior 
Irom the main sequence 


F ige was made reasonable by 
the discovery of the vast 


to the giant à 
А был; amounts of energy released in atomic ша 
formations, “This part of the account receives strong support from 
the observed evolution jn star clusters, Another novelty appears 
in the very extended duration of the white dwarf stage. 

The picture of a universe of Stars that emerges from hydrogen 
gas and ends in a cinder heap would seem incomplete to anyone 


who may prefer the idea of an eternally active universe. If the uni- 


verse can somehow wind itself periodically, however, the remark 
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that “in the beginning was hydrogen" would refer simply to а con- 
venient starting place in an unending process. 


16-15. Origin of a Planetary System. The problem of how a 
planctary system may evolve around a star relates specifically to the 
solar system as the only known system of its kind. Theories offered 
as possible solutions of the problem have appeared in the course 
of the past two centuries. Prominent among the early theories was 
the nebular hypothesis proposed by the French mathematician and 
astronomer P. S. Laplace in 1796. An example of the recent theories 
is the protoplanet hypothesis offered by the American astronomer 
Gerard P. Kuiper in 1951. In both accounts the solar system evolved 
from a nebula surrounding a primitive sun. 
hypothesis described how the planetary system might 
contraction of the solar nebula. The process 
was intended to produce a system having thc regularities we have 
noted (7:21) and to which only a few important exceptions. were 
then detected. “The protoplanet hypothesis involves the fracturing 
of the nebula: it undertakes to reproduce the more complex system 
known today and to explain the many departures from the regulari- 
ties, particularly among the less massive ingm pers of the System. І 
A dozen satellites in the solar system are "irregular. Their 
inclined to the ecliptic or are more eccentric, or 
Half of these have direct and half have 


‘The nebular 
have resulted from the 


orbits аге more 
both, than the 


revolutions | age | 
atellites escapet from their planets and were subse- 
se eh se satellites 
poses that thes 


quently recaptured or else returned ‹ lose enough to be diverted AR 
orbits very different from айде е Kuiper believes that 
Hidalgo and the Trojan asteroids чое formerly satellites of Jupiter 
and that Pluto belonged to eo | | 

Мапу scientists suppor sb P е process which produced thc 
m around the sun could operate frequently through. 


others. b i3 
around their. primaries. Fhe theory sup- 
retrograde ) 


planetary syste 
out the universe. 


QUESTIONS ON CHAPTER 16 


1. 5 the possible observational evidence that stars аге condensing 
. State А 


;c clouds. 
from the cosmic clouds- — 7 ; i 
9. Define: T Tauti stars: What seems to be their place in stellar evolu- 
2. Defne: ü 
tion? 
3. How may the à 
two examples of suc 


ge of an association of stars be determined? Describe 
h associations. 
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4. Why do youthful stars array themselyes on the main sequence in 
order of their masses? 

5. State the evidence that the more Massive stars of a youthful group 
arrive on the main sequence in advance of the less massive stars. 

6. Explain that fusion of hydrogen into helium in the interior of a star 
can supply its energy for a very long time. 

7. Trace the evolution from the main sequence of a s 
mass, such as the sun, according to the present. theory. 

8. Trace the more extensive synthesis of chemical elements suggested 
for more massive stars. 

9. Explain how repeated interaction between stars and cosmic clouds 
may enrich the chemica constitution of successive generations of stars. 

10. In what respects do white dwarf stars differ from other types of 
stars? Give reasons for supposing th 
lives of stars. 


r of moderate 


at they represent final stages in the 
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THE GALAXY 


THE MILKY WAY — STRUCTURE OF THE GALAXY — RADIO 
RECEPTION FROM THE GALAXY 


The galactic system, OY system of the Milky Way, is so named 
because the luminous band of the Milky Way around the heavens 
is an impressive feature of the system in our view from inside it. 
This spiral stellar system, of which the sun is a member, is commonly 
known as the galaxy as distinguished from the multitudes of ex- 
terior galaxies. 

THE MILKY WAY 


17-1. The Milky Way of Summer. The full splendor of the Milky 
Way is reserved for one who observes ona clear moonless night 
from a place removed from artificial lights. The view with the 
unaided eye or with a very wide-angle camera is best for the general 
features. Photographs show the details more clearly than the eye 
alone can detect them. An excellent collection of photographs with 
a inch Ross camera is available in the Atlas of the Northern Milky 
Way, prepared by F. E. Ross and Mary R. Calvert. ыа recent and 
more penetrating photographs north of declination —27° are those 
of the National Geographic Society—Palomar Observatory Sky 
Survey. ‘These are pairs of negative prints in blue and red light 
made with tlie 4 Schmidt telescope (5-9). 

The Milky Way is produced by the combined light of great num- 
bers of stats hat are not separately у ible without the telescope. 
Its central line is nearly a great circle of the celestial sphere, so highly 
inclined to the celestial equator that it takes quite different posi- 
r skies in the early evenings of the different seasons. 
all in the late summer in middle northern latitudes the 

arches overhead Irom the northeast to the southwest 
orton. it extends upward through Perseus, Cassiopeia, and 
Cepheus to the region ol the Northern Cross (Fig. 11-12). Here 
Great Rilt formed by cosmic dust clouds divides the 


s-inch 


lions in ou 
At night 
Milky Way 


in Cygnus the 
Milky Way appare" 
ward through Aquil 


arently into two parallel streams, which go on south- 
a into Sagittarius and Scorpius. This spectacu- 
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lic, E 1. ‘The Milky Way from Scutum to Scorpius. The Scutum star 
doud is near the Upper (611. corner and the Sagittarius star cloud is пеат 
т ri 245 
the center, (Moun, Wilson Observatory photograph) 
lar part ol the Milky Way (Fig. 17-1) contains the bright star clouds 


ol Scutum and Sagittarius; the latter is near the direction of the 
center of the galaxy, 


17-2. The Milky Way of Winter. 


In the early evenings of late 
winter in ow | 


atitudes tlie Milky Way again arches overhead, now 
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from northwest to southeast. It passes through Cepheus, Cassiopeia, 
Perseus, and Auriga, which is near the zenith in the early evenings 
of February. Here it is narrowed by a succession of relatively nearby 
dust clouds, which angle from northern Cassiopeia through Auriga 
to southern ‘Taurus. The Milky W then continues on past 
Gemini, Orion, and Canis Major, where it becomes broader and 
less noticeably obscured by dust. 


Region of the Southern Cross. The Cross and the Coalsack 
The bright stars at the extreme left are Alpha and 
(Photographed by Margaret. Harwood) 


Fic. 17:2. 
are near the center. : 
Beta Centauri. 

The part ol the Milky Way in the vicinity of the south celestial 
e iseither out of sight or else never tisés high enough for favor- 

able view in the United States. “This region from Centaurus to 

Carina (Fig. 17-2) contains some fine star clouds and the dark 

^ й + = ба, 

Coalsack near the Southern Cross. 

loals 


pol 


17:3. Galactic Longitude and Latitude. In descriptions of the 


galaxy it i 
reference to 


s convenient to denote positions in the heavens with 
the Milky Way. For this purpose an additional system 
he celestial sphere is defined as follows. 

The north and south galactic poles are the two opposite points 
that are farthest from the central line of the Milky Way. By inter- 
ment they are respectively in right ascension 12 49m, 


of circles of t 


national agree 
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declination +27°.4 (1950), in Coma Berenices, and 0^ 49m, —27°.4, 
south of Beta Ceti. Halfway between these poles, the galactic equa- 
tor is a great circle inclined 63° to the celestial equator; it crosses 
the equator northward in Aquila and southward at the opposite 
point east of Orion. The galactic equator passes nearest the north 
celestial pole in Cassiopeia and nearest the south celestial pole in 
the region of the Southern Cross Thus the earth's equator is in- 
clined 63° to the principal plane of the flattened galaxy. 

Galactic longitude was formerly measured in degrees along the 

galactic equator from its intersection with the celestial equator in 
Aquila, near R.A. 18" 40», By decision of the International Astro- 
nomical Union in 1958, the zero of galactic longitude is now changed 
to the direction of the galactic center (17-5), on the revised galactic 
equator in R.A. 17^ 424, Decl, —28° 55 (1950), in Sagittarius. As 
before, the longitude is measured through 360° in the counterclock- 
wise direction as viewed from the north galactic pole; the new 
value equals the former one plus about 32°. 
Ms onal latitude is measured from 0° at the galactic equator to 
JO" at its poles and is positive toward the north galactic pole. Its 
present reckoning differs from the former onc because of recent 
slight revision of the position assigned to the galactic equator. 
Possible confusion will be avoided in the following sections by 
specifying in each case whether the galactic coordinates are given in 
the old or the new systems. 


STRUCTURE OF THE GALAXY 
The gal 


axy is an assemblage of the order of 100,000 million stars 
together у 


vith much gas and dust. Its spheroidal central region is 
саа, disk of stars at least 80,000 light years in diam- 

Spiral arms of stars, gas, and dust are embedded. The 
я à ' is about 30,000 light years from the sun in the 
direction ol Sagittarius, The disk of the galaxy is rotating around 
an axis joining the galactic poles with speeds that diminish as the 
i nter is greater, Surrounding the disk is a more 
Slowly rotating and more nearly spherical halo containing scattered 
Stars and the globular clusters, 


center of the galaxy 


distance from the ce 


17-4. The Disk of the Galaxy. The stars are concentrated toward 
the Milky Wa Stars visible to the unaided eye are 3 or 4 times 
as numerous around the galactic equator as they are їп similar 
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arcas near its poles; and the corresponding increase for large tele- 
scopes exceeds 40-fold, despite the greater obscuration by cosmic 
dust in the lower latitudes. “This shows that the majority of the 
stars of our galaxy are assembled in a relatively thin disk along the 


‘The Southern Milky Way from Sagittarius to Crux. "The total 

in diameter and is centered on the star Antares, (Photo- 

Arthur D. Code at Bloemfontein. South Africa, with a Green- 
stein-Henyey wide-angle camera) 


Fic. 17:4. 
field is 140° 
graphed by 


ne of the galactic equator. When we look in the direction of 
we are looking the longest way out through the disk 
at many more stars, 


pla 
this equator, 


and therelore i | | | 
The flat disk is estimated as 80,000 light years in diameter: its 


thickness is at least 10,000 light years at the center and 5000 light 
years at the sun's distance Irom the center. Present values of these 


and other (п З ; 
certainty. The view from our place inside the galaxy 15 less lavor- 


able for precis 


nensions in the galaxy are subject to considerable un- 


e measurements than would be possible [rom outside. 
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Part of the available data is still inferred from studies of exterior 
galaxies, particularly the great spiral in Andromeda, which seems 
to resemble our own galaxy in structure, 


17:5. The Galactic Center. The position of the center of the 
galaxy was first announced by Harlow Shapley in 1917. He had 
determined the position of the center of the system of globular 
clusters that form a nearly spherical halo around the disk of the 
galaxy, and had reasoned correctly that this must be the position 
of the galactic center itself. The direction originally assigned to 
the center in the former coordinate system was in galactic longitude 
325°, latitude 0°, in Sagittarius, Shapley pointed out that the cor- 
rectness of the position is indicated by the greater brightness and 
complexity of the Milky Way in this region. 

As defined by international agreement in 1958, the direction of 
the galactic center is remarkably close to the original опе. It is 
situated in Sagittarius in R.A. 17 12™.4, Decl. —28° 55’ (1950). or 
in former galactic longitude 327°.7, latitude —1°.4, and is taken as 
the new zero of galactic longitude (17-3). “The position of the 
galactic center in space is about 30,000 light years from the sun. 
Thus the sun is situated in the disk of the galaxy more than halfway 
from the center to the edge in the direction of the constellation 
Auriga. 


17-6. The Central Region is a spheroidal concentration of stars 
and gas, having a diameter of 10,000 light years or more in the 


principa] plane of the galaxy. Here the stars are spaced rather 
uniformly 


кү» and considerably closer than in the surrounding disk. 
This area 


t of the heavens near the borders of Sagittarius, Scorpius. 
and Ophiuchus would be remarkably bright if most of the central 
region were not concealed from ordinary observation by the heavy 
dust clouds of the Great Rift. The Sagittarius star cloud is an 
exposed portion, 

Radiation from the central region was recorded through the dust 
by Joel Stebbins and A. E. Whitford, who scanned this part of the 
heavens with a Photoelectric cell and infrared filter at the focus of 
the 60-inch Mount Wilson telescope. ‘They found the area of the 
most intense radiation extending 8° in galactic longitude and rather 
more than half as far in latitude. Infrared photographs (Fig. 17-6) 
show the brightest region in general agreement with the photo- 
electric sweeps. 
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Fic. 17-6. Central Region of the Са 
ш 8 ^u in Infrared. Li “4 
by Jean Dufay, Haute Provence pe eae ra 


17:7. The Spiral Structure Traced by Photography. After tł 
ы ӨӨ. ат нүү N ; ЖУ» oe 

Г exterior spiral and associated galaxies had been demon- 
7 : 9 NE 

Hubble, in 1924, the frequent opinion that our own 

al remained without firm observational sup- 


existence о 
strated by 
galaxy might be a spir 
more than a quarter of a century. The first definite evi 
dence of spiral structure in the galaxy was announced in 195] i 
w. W. Morgan, Stewart Sharpless and D. E. Osterbrock at ү eA y 
Observatory. “They employed as indicators of such i Shin 
ebulae, which had proved to be abundant in сле ч 

а 50 


port for 


emission n 
the Andromeda spiral. 

‘The photographs for locating emission nebulae in the Milky W 
were taken with a Greenstein-Henyey wide-angle uei d Nay 
filter for wansmitting the red light of hydrogen Sass m gis a 
‘The positions of the nebulae in the sky and their PRO KE UM ndi 
tracing in space of two lengths of arms and the s 


permitted the 
The three wi 

th the names: orieinz ; 

the names originally assigned 


gestion ol a third. 
them are as follows: 


The Orion arm pa 
the North America nebula in Cygnus, and the dust clouds of the 
1 


Great Rift and the Coalsack. Some radio astronomers have 
а ге 


sses hear > . ы 
the зип. It contains the Orion nebula, 
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named this long length of arm the Carina-Cygnus arm and have 
regarded the Orion portion as one of its spurs. Outside the first 
arm, the Perseus arm passes about 7000 light years from the sun; 
it contains the double cluster in Perseus. "I he Sagittarius arm is 
nearer the center than the sun's distance. Not well placed for ob- 


Orion 
Nebula" 


Sunà 


Coalsack: 


Fic, 17.7, 


ji Parts of Spiral Arms of the Galaxy. Traced by directions and 
dist; 


ances of emission nebulae. The galactic longitudes may be corrected 
to the present system by adding 32° to cach value. (Adapted from a 
model by w, W. Morgan, Stewart Sharpless, and D. E. Osterbrock, yerkes 
Observatory) 


servation in Northern | 


: atitudes, its tracing was extended photograph- 
ically and later w 


4 ith the radio telescope by observers in the southern 
hemisphere. 


Optical tracing of the arms of the galaxy is made difficult by the 


obscuring dust of the Milky Way. The tracing of the spiral pattern 
has since been extended by radio reception (17-13), which is not 


hampered by intervening dust 


17-8. Stellar Populations in the Galaxy The stellar populations 
I and П originally proposed by Baade (15-1 1) comprised the younger 
and older stars, respectiv ely. Meanwhile, the theory of stellar evolu- 
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tion has developed far enough to suggest the choice of a greater 
number of gradations, the precise number being a matter of con- 
venience. The following sequence of five types of population in 
the galaxy with respect to increasing age of the stars was offered 
for consideration by a conference of astronomers at Rome in 1957. 

l. Extreme population I. ‘This very young population is con- 
tained in the spiral arms, and around the galactic center as well, 
where much gas and dust is still uncondensed into stars. Its bright- 


est members are. blue supergiant stars, such as Rigel, only a few 


million years old. 
2. Intermediate population 1 comprises somewhat older stars, such 
as Sirius, situated near the principal plane of the galaxy but not 
confined to the arms. 
3. Disk population. 


and many in the centr 
3105 Б 


The majority of the stars between the arms 
belong to this type; 


al region of the galaxy 
they range from {Шоп years іп age. “The sun 15 believed to 
be a member. * 3 A 
4. Intermediate population II comprises many older stars in the 
halo and central region of the galaxy. А ; 
5. Extreme population II, the oldest. population, is represented 
by the globular clusters of the halo and separate stars there that may 
e el i sters : z mas 

Б from the An age of at least 7 or 8 billion 

re 


-Justers. 
have escaped clust 


years is assigned to this group. 


17-9. Differential Effect of the Galactic Rotation. The flattened 
Маху suggests its rotation around a line joining the 
‘The manner of rotation must be somewhere between 
xtremes: (1) If its material were distributed uni- 
formly, the galaxy would des me s os gh All parts would 
Bo around in the same period. ane the hen speed of the rotation 
would increase in direct propone" a t nS distanc e from the center. 
(2) If the material were concentrated mainly near the center, the 
semble 
Kepler's third law, the speed of the rotation 
roportional to the square root of the distance 


form of the gé 
galactic poles. 
the following © 


rotati would ге the revolution of the planetary system 
ation 2 ? 
around the sun. By 


would be inversely Р Se i 
Thus the speed would diminish as the distance 


from the center: : 
is greater. 


from the center 2 А 
type of rotation, stars nearer the center than 


In the planetary 


the sun's distance ale overtaking the sun and passing on ahead, 


whereas stars farther from the center than the sun's distance keep 
ereas stars le М ^ е = ! 
falling behind us As is seen in Fig. 17-9, stars around galactic 


ar 
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longitude 45° and 225°, reckoned from the direction of the center, 
would have the greatest observed velocities of recession, апа those 
around longitudes 135° and 315? would have the greatest observed 
velocities of approach. 

This effect was first reported by J. H. Oort, in 1927, from his 
analysis of radial velocities of stars in the Milky Way within a few 
thousand light years from the sun, ‘The result established the 


70 CENTER 


Fic. 17:9. Effect of Rotation of the Galactic System on the Radial Veloci- 
ties of Stars. Stars nearer the center than the sun's distance аге going 
around faster and are passing by the sun. Stars farther from the center 
are moving more slowly and are falling behind the sun. “Thus stars around 
longitudes 45° and 995° greater than that of the center are receding from 
the sun, and stars around 135° and 315° are approaching the sun. 


Planetary type of rotation in our Vicinity in the galaxy, and later 


provide ia к 1 А bei 
n e UR means of determining the distances in radio tracing 
of the spiral arms (17-18) 


17-10. Rotation of the Galaxy. The direction of the galactic rota- 
As we 


ation 


tion is clockwise as v Я ; 
Зе as viewed from the north galactic pole. 


look toward the center in Sagittarius, the direction of the rot 
between us and the center is toward the left. The period of the 
rotation is believed to be about the same throughout the central 
region of the galaxy and to become Бе with increasing distance 
out through the disk, ‘The period at the sun's distance is of the 
order of 200 million years. 

The sums velocity in the rotation is generally taken to be 134 
miles a second toward galactic longitude 90° in Cygnus. This is 


the velocity determined by Leiden radio astronomers in 1954, based 
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on a distance of 8200 parsecs, or 27,000 light years, of the sun from 
the galactic center. Greater values of the velocity and distance have 


been assigned by some other observers. 
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Radiation from the galaxy at radio wavelengths was first detected, 
in 1931, by K. G. Jansky of the Bell "Telephone Laboratories. In 
1936, Grote. Reber, an electronic engineer at Wheaton, Illinois, 
built à radio telescope having a fixed paraboloidal antenna 30 [ect 
in diameter for his pioneer recordings of areas of the Milky Way 
1 his meridian. Selected regions of the continuous 
in the earlier observations. The 
th of 21 cm 


as they passed 
were employed 
of the emission line at the waveleng 
um of neutral hydrogen permitted for 
ice of the abundant dark gas clouds 


radio spectrum 
discovery, in 1951, 
in the otherwise dark spec” 
the first time the tracing in spa 
in the spiral arms ol the galaxy. 
f the Sky ‘The radio map of Fig. 17:11 was 
completed in 1957 by J; D. Kraus and associates from records at 
1.9 meters with the 96-foot helix antenna of Ohio 
The map covers practically all the heavens acces- 
Contours, plotted in right ascension and 
the radio "brightness" on a power sc ale 
"ге broken line represents the. galactic 
Seas formerly placed slightly north of the central 
‘Phe numbers at intervals along this equator 
are degrees of galactic longitude in пе "po ышы. 
The Milky Way is the dominant are 9 те radio sky. Dis- 
crete radjo sources y jo instead. of the inc ividual stars of the 
; enc MS ‚ of the 
ds wae records difler when they are obtained at dif- 
At the shorter lengths, where the thermal 
st intense, the Milky Way is narrower and 
ly emission nebulae, At the longer 
the 


17-11, Radio View О 


the wavelength of 
State University- 
sible from Columbus. 
declination for 1950. show 
above a reference level. 
equator where 


line of the Milky Way: 


more prominent sources are marked in 


the map. 
ferent wavelengths- 
radiation (5:19) DE m 
the discrete source xum ? NC 1 
wavelengths, where the nonther mal radiation is most intense, 
Milky Way is broader and the discrete sources are of less usual types. 


17-12, Discrete Radio Sources are emission sources of limited angu- 
12. iscrete 
lar di Я геу are generally known by the name of the con- 
є dimensions. 


stellati А lowed by а letter. About 200 are considered to be 
eHation [|o D ! 
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Fic. 17-11. Radio Map of the Sky at 1.2 Meters. 


recognized and many others are suspected. Optical identification 
of only a few have been made thus far. Some of the brightest 
sources and their positions in the map are as follows: 

Cassiopeia A (R.A. 28» 21", Decl. +58°) is the most intense. In 
the Perseus arm of the galaxy, it is an unusual emission nebula, in 
whieh turbulent velocities are ol the order of 3000 miles a second. 

Cygnus A (R.A, 19h 58m, Decl. +40°) results from collision of two 
galaxies. 

S iare a RA. 5" 32m, Decl, +22°) is the most intense in the 
winter sky. This is the Cr 

Sagittarius А (R.A, 17n 
It is a disk of ne 


ab nebula (Fig. 13-21). 

42m, Decl. —29°) marks the galactic center. 

4 utral hydrogen gas around the center (17. 14). 
Other optically identified radio sources in the galaxy are the 

Loop of nebula in Cygnus, the Orion nebula, and M8 and the 

Trifid nebula in Sagittarius, Radio reception from the exterior 


galaxies is mentioned again in the following chapter. 


17:13. Radio Tracing of the Arms. Optically dark clouds of neu- 
tral gas аге abundant in the arms of the galaxy. “These became 
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[ the arms after the detection of emis- 
wavelength of 91 ст. Two ex- 
with radio telescopes around this wavelength have 
he entire course of the Milky Way. The 
1 by H. C. van de Hulst, C. A. Muller, and 
1, [rom their records with the 25-foot 
‘The second survey was made by the 


available as radio indicators О 
sion from neutral hydrogen at the 
lensive surveys 
| scanned t 
tec 
lin 195 


between then 
first of these was repor 
J H: Oort, in Holland 17 
at КОО: : 
ratory in Australia. 

1 space requires the direction and dis- 


radio telescope 
„abo: 


Radiophysics 1 
[ the 


The tracing © 
tance from us of € 


of how it is done 
the galact 


arms it 
ach indicator that is observed. As ап example 
consider а particular pointing of the radio tele- 
Scope toward іс equator in longitude soe by the former 

19° from the galactic center, in Cassiopeia, The 
hydrogen cli аге relutively approaching the sun in the 
rotation of the galaxy (Fig. 17-9). As the distances of the clouds 
are greater, their speeds x P! apr een are greater, and accordingly 
the Doppler shift of their 2Lem radiation toward shorter wave- 
Thus by tuning the radio telescope first to 21 


ngths successively, the survey reaches 


reckoning, ОГ 
puds here 


lengths increases- 


cm and then to shorter wavele 
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farther and farther in this direction. Where the signal becomes 
most intense, there is one point ina hydrogen lane of a spiral arm. 

The line profile of Fig. 17-13 recorded by the radio telescope in 
this direction has three maxima at increasing negative radial veloci- 
ties, toward the left in the diagram, corresponding to distances from 
the sun of about 1600, 10,000, and 95,000 light years, respectively. 


INTENSITY 


-120 -80 -40 о 


RADIAL VELOCITY 
Fic. 17:13... Line Profile of Radio Emission by Neutral Hydrogen at 2] com 
in Galactic Longitude 80° by the Former Reckoning. The maxima repre- 
sent, from right to left, three hydrogen lanes at increasing distances from 
us. (Diagram by C. А. Muller and G. Westerhout, Leiden Observatory) 


These determine a point in space in each of three lanes. Other di- 
rections of the telescope locate other points, until the hydrogen 
lanes defined by the points may be plotted as they are in Fig. 17-14. 


17-14. The Spiral Structure. The hydrogen lanes of ша ило 
arms, as traced in Holland and Australia, are shown in the £nm- 
vosi iagra zi 7 T Г чл 

posite diagram of Fig. 17-14. The center of the galaxy is marked 
by a cross and the p 


E K sun's position by a circle above the cross. 
view in this di | 


ЇЕ agram is from the north galactic pole from which the 
alactic rotati isc M Рай ч n i 5 
" 9n is clockwise, The numbers are galactic longitude 
by the former reckoning. 
Of the three hydr AIC ^ 
Де of Fi оп lanes recorded by the maxima 1n the 
prone a Eie: ‘13 in the direction of longitude 80°, the first 
the Carina-Cygnus arm, the second is the 
ы a more remote arm. T he lane 
tangent to the 18° direction fron, the surr te The Sagittarius arm. 
Both the Carina-Cygnus and the S are nearer the 


i Sagittarius arms 
center at the right than at the left 


linc 
is 


which includes the sun, 
Perseus arm, and the third suggests 


suggesting that these are spiral 
arms and are trailing in the rotation The Perseus arm, however: 


seems more nearly circular at the present stage ol the tracing. 
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A significant addition to the radio picture of the galaxy is recorded 
by the observers in Holland with their newer 82-foot paraboloid 
at Dwingeloo. The radio source Sagittarius А around the galactic 


o o o 
200 180 147°5 ро ОО? 
220° 
а. 
240 — 
о 
260 < 
2807 
E 
fic. 17: M. Spiral Structure of the Galaxy. Composite diagram of the 


шеги of hydrogen lanes traced T Leiden (right) and at Sydney 
Phe numbers are the former galactic longitudes; these may be 
longitudes from the galactic center by adding 39° to each. 


Pawsey, Radiophysics Laboratory, Sydney, Australia) 


radio pi 
(lett). 

converted. to 
(Diagram by J: LE. 


center is a re zion of neutral hydrogen 9? in diameter enclosing a 
enter is а reg 1 8 ; B 
few clouds ol ionized hydrogen. Gas streams are moving outward 
aw cle ? 3 
with speeds of from 50 to 200 km sec and are also turn- 
(9 3 


al rotation of the galaxy. At 12,000 light years from 


hful stars are ionizing the gas into a bright 


from her 
ing in the gener 
the center, many youl 


center. How this gas originates and is being re 


ring around the 
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i Ы i т ^ rare gascous 
plenished is unknown, unless it keeps falling in from the rare gaseous 
medium of the galactic halo. 


QUESTIONS ON CHAPTER 17 


1. Why does the Milky Way have different positions in Ше. у at d 
same hour through the year? At what seasons docs it pass near the zeni 
in the early evening in middle northern latitudes? І A 

2. Define the terms: galactic longitude and latitude. Explain the recer 
change in the reckoning of these coordinates. А 

3. The appearance of the Milky Way suggests that the galaxy 18 
much flattened and that the sun is far from its center. Explain. үө 

4. Describe the following features of the galaxy: (a) the disk: (b) t 
central region; (c) the spiral arms; (d) the halo. 

5. Describe the sun's place in the gal 
rotation. | | 

6. State evidence from the radial velocities of stars in the Milky Way 
that the outer parts of the gal 
tance from the center. | | uu á 

7. Explain that stars of the Milky Way having galactic longitudes rim 
112* greater than that of the center are approaching us in the galac 
rotation, and faster as their dist 


generally 


i » galactic 
axy and its share in the galac 


Ду with increasing dis 
аху rotate more slowly with incr g 


ances are greater. m 
8. Describe the optical method of eta the spiral arms of pie pilasy 
9. Describe the radio method of tracing the arms. Why is it mo 
effective than the optical method? — 
10. Contrast. the Optical and radio pictures of the heavens. 


R 
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18 
THE EXTERIOR GALAXIES 


STRUCTURAL FEATURES OF GALAXIES — DISTRIBUTION 
OF GALAXIES — SPECTRA OF GALAXIES 

Our galaxy is one of the many stellar systems that constitute major 
building blocks of the physical universe. The galaxies are ш 
turally of three main types: spiral, elliptical, and irregular galaxies: 
‘They are assembled in large clusters and also in smaller канун 
as the local group. The redshifts of their spectrum lines, 
ase as the galaxies are more remote, are the basis of 


such 
which incre 
theories of the expanding universe. 


STRUCTURAL FEATURES OF GALAXIES 


al Galaxy M 31 in Andromeda is the brightest ex- 
and is one of the two that are nearest us. 
al designation as the "Great Nebula" 


a hazy spot about 


18-1. The Spir 
terior spiral system 
Marked in Map 4 with its origin 
it is visible to the unaided eye as 
apparent diameter. Only 
and, for the most part, to 


in Andromeda, 
as long and hal 
the central region 
the eye at the telescope. Fainter 
the photographs, where the object is 
a flat, double-armed spiral inclined 13° from the edgewise presenta- 


[ as wide as the moon's 
appears to the eye alone 
surrounding features come out in 
shown in its true character as 


tion. 

In the photog" 
appears as an oval 3° long. 
in 1924, by Edwin Hubble in his photographs with: ‘the 
Mount Wilson telescope. The cepheid variable stars 


| served to determine the distance of the spiral and to 


aph in Fig. 18-1 the tilted nearly circular spiral 
Separate stars in the arms were first 


observed, 
100-inch 
among then 
show it as another galaxy far beyond our own Milky Way. 

The lens haped central region of the Andromeda spiral is sur- 
rounded by а flat disk of stars. Embedded in the disk are the spiral 
arms, which contain all the features observed in the Milky Way 
Young stars, gas, and dust are localized in the 
u pem nebulae, made luminous 

2 


right. around. us. 
arms. Patches of the 825 


appe: 
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Fig. 18:1. Spiral Galaxy М 
M 32, appears directly 


эй ОВ anion, 
ЗІ in Andromeda. Опе elliptical companto 

А above the central region; the other companion, 
NGC 205, is at the left, = 


r ТЕЙ Photographed with the 48-inch Schmidt telescop 
(Mount Wilson and Palomar Observatories photograph) 

by the radiations of blue stars in the vicinities 
Baade with the Hale 


By their aid Walter 
telescope extended the tracing of the arms 
beyond their more conspicuous parts 


increasing the diameter of 
the disk to 115? 


At a distance of 117 million light years from us, 
the diameter of the Andromeda spiral is 120,000 light years, or half 
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again the diameter often assigned to the disk of our own gala 
Several hundred globular clusters of stars surround the disk, as they 
do in the halo around the disk of our galaxy. 


18-2. Spiral Galaxies are structurally of two types: normal and 
barred spirals. Normal spirals have lens-shaped central regions, from 
opposite sides of which the two arms emerge and at once begin to 


M 51 in Canes Venatici 


M 81 in Ur 


Major 
Fic. 18:2. Spiral Galaxies. (Mount Wilson Observatory photographs) 


coil around the centers in the same sense and the same plane. They 
are divided into three classes. Class Sa spirals have large central 
5; an example is NGC 4594 in 
Virgo (Fig. 18:3). In class Sb the centers are smaller, and the arms 
ger and wider open; examples are M 31 and our own galaxy. 
are smallest, and the 


regions and thin, closely coiled arn 


are lar 
In class Sc the centers arms are largest and 
most loosely coiled; an example is M 33 in "Triangulum (Fig. 18-9). 
Barred spirals have their М0 coils starting abruptly from the ends 
a bright bar, which projects from opposite sides of the central 
region. ‘They are classified in the series Ва, SBb, and SBc, paral- 
leling the series of normal spirals. Through this series the central 


of 


region diminishes while the arms build up and unwind. А third 
and less familiar type of spiral galaxy has its arms beginning tan- 
gentially from opposite sides of a bright ring around the center. 
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Fic, 18-2A. Barred Spiral NGC 1300 in Eridanus. Photographed with the 
Hale telescope. (Mount Wilson and Palomar Observatories photograph) 


18.5. Spirals at Different Angles. Spiral gal: ixies are presented to 
us in a уа (riety of ways. In the flatwise view they appear nearly 
circular, М5] (Fig. 18-2) is an example: it has an irregular com- 
panion projected near the end of one arm. When they are moder- 
ately inclined to the plane of the sky, as in the cases of M 31 and 
M 81, another giant, these galaxies appear elliptical. In the edge- 


Fic. 18-3. Spiral Galaxy Viewed Ne NGC 4594 in Virgo. 


arly Edgewisc. 
(Mount Wilson Observatory photograph) 
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wise view they are reduced to bright streaks around thicker central 
regions. Characteristic of the spirals seen on edge is a dark band 
that sometimes seems to cut them in two: an example is NGC 4594. 
The dust in their arms obscures their equatorial regions, just as the 
dust clouds of the Milky Way obstruct our view of what lies beyond. 


18-4. Elliptical Galaxies are so named because they appear with 
the telescope as elliptical disks having various degrees of flattening. 
‘They are designated by the letter E followed by a number that is 


Elliptical Galaxy NGC 185. Giant red stars are visible in the 
(Photograph by Walter Baade, Mount Wilson Observatory) 


Fic. 18-4. 
outer parts. 


ie value of the ellipticity ol the disk. The series runs 


10 times tl " ay 
class EO to the most flattened £7, where the 


from the circulat 
a9 


в — wex lens viewe ‘dge. Examples аге M 32, 
object resembles а CO! s viewed on edge. Exam] I 


class E2 companion of the Andromeda spiral, 


the nearly circular n 
panion, NGC 205, of class E5. 


and the second com 
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These are systems of stars, generally dust-free. Almost. all the 
gas and dust available [or star-building seems to have been ex- 
hausted. Individual red giants, the brightest stars of this older 
population, are visible in photographs of the nearer elliptical gal- 
axies when they are taken through red filters and with the largest 
telescopes. 


18-5. Structural Sequence of Regular Galaxies. The separate 
series of elliptical and spiral galaxies arc joined in Hubble's dia- 
gram (Fig. 18-5) into a structural sequence of all regular systems. 


NORMAL SPIRALS 


сё nn 


И. 


/e 
~o o 


BARRED SPIRALS 


Fic. 18:5. Structural Sequence of Regular Galaxies. (Adapted from a 
diagram by Edwin Hubble) 


ELLIPTICAL SYSTEMS 
ө <> — «=> 


Regular galaxies ате those having rotational symmetry, The se- 


quence gi i E 
Iuence begins at the left with the spherical forms. “These become 
more and More 
containing Spir: 
sequence 


extended around their equators, until thin disks 
=e al patterns begin to appear around them. Here the 
"Taward Fi ea the two branches of normal and barred spirals. 
tral regions nn шы coils gradually unwind, while the cen- 
SS prominent. 

classes 50 and 5В0, not shown in the 
ia added later near the point of division of the 
sequence. They resemble the central regions of spiral galaxies and 
are now believed to have originated by a cakastrophic (18-11) rather 
than an evolutionary process. : 


Two additional Stages 
ee : TY 
original diagram, were 


The structural Sequence serves as one basis for thinking about the 
evolution of galaxies, А Progression from left to right in the se- 
quence might imply the emergence of the disks and spiral arms from 


elliptical galaxies. On the other hand, а progression in the opposite 


STRUCTURAL FEATURES OF GALAXIES 941 


direction, suggested by the trend of the stellar compositions of the 
galaxies (18-14), might imply a gradual collapse of the spirals into 
the elliptical forms. As an example of another approach, W. A. 
Baum's studies suggest that the evolutionary history of a stellar 
system may be predetermined by its mass and angular momentum. 
Star formation in smaller systems, such as dwarf elliptical galaxies 
and globular clusters, came to an carly end when its present old 
stars were born. It went on in larger ellipticals to include stars 
now of intermediate age. It continues in the still larger spiral 
galaxies to supply young stars in the spiral arms. 


18:6. The Magellanic Clouds, named in honor of the navigator 
Ferdinand Magellan, are the two satellites of our galaxy. Plainly 
visible to the unaided eye, they are too close to the south celestial 


18-6. Large Magellanic Cloud. (Photograph by К. С. Henize) 


Fic. 
pole (Map 6) 10 be viewed north of the tropical zone. As they 
generally appear in the photographs the Clouds have apparent 


12? and 8°. At nearly the same distance of 150,000 


diameters ol 4 ^ 
ar diameters would be 30,000 and 20,000 light 


light years, theit line 
BNC ) 
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years. However, the neutral hydrogen of both Clouds extends out 
much farther than do the stars, and almost runs together, as Aus- 
tralian radio astronomers have reported, 

The Clouds have been classed usually with the irregular galaxies, 
the ragged exterior stellar systems that lack rotational symmetry. 
Yet their rotations have been observed with radio telescopes, and in 
G. de Vaucouleurs’ photographs with a small camera at Mount 
Stromlo Observatory they might scem to resemble one-armed barred 
spirals. The Large Cloud is presented nearly flatwise to us and the 
Small Cloud is inclined 3( 5 


)° from the edgewise presentation, accord- 
ing to this observer. 


DISTRIBUTION OF GALAXIES 


18-7. Their Arrangement їп the Sky. 
of the nearer galaxies over the Ї | 
This diagram resulted from 


The apparent distribution 
ace of the sky is shown in Fig. 18-7. 
a survey of the brighter galaxies by 


Fic. 18-7. Distriby 


ition of th 
celestial sphere is represe 


The heavy curved line 


e Brighter Exterior Galaxies. The entire 
nted with the north celestial pole at the top. 
S the galactic equator. (Harvard Observatory 
diagram) 


Harlow Shapley and Adelaide Ames at Harvard Observatory. Few 
such objects are visible within 10° 
15 represented by the heavy curve in the figure; here they are con- 
cealed generally behind the dust of the Milky Way. Their numbers 
Increase. toward the galactic poles í s 


from the galactic equator, which 


» Where the least amount of dust 


intervenes; and the increase would be fairly symmetrical in the two 
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celestial hemispheres except for the conspicuous Virgo cluster at 
the left. It was because of the seeming avoidance of the Milky Way 
that the galaxies were called extragalactic nebulae” before their 
true significance was recognized, 

The more remote galaxies are similarly arranged in the sky, as 
was shown by Hubble's more penetrating survey with the Mount 
Wilson telescopes. If the obscuring dust were not present, the 
galaxies would be about equally numerous in all regions of the 


celestial sphere. 


18-8. Distance Indicators of Galaxies. The distribution of galaxies 
in space can be considered when their distances as well as their direc- 
tions from us are known. The distances were derived in Hubble's 
pioneer studies in three successive steps: (1) By use of cepheid vari- 
able stars that he found in M 31, M 33, and five other relatively 
nearby galaxies; (2) by observing the apparent magnitudes of what 
seemed to be the most luminous stars in more remote galaxies, where 
the cepheids were too faint to be seen; (3) by measuring the apparent 
brightness of still more distant galaxies, assuming that galaxies of 
the same class have the same absolute brightness. Later investiga- 
tions with the 200-inch telescope showed the need for revising the 


early scale of distances. 

One reason for revision was Baade's discovery, in 1952, that the 
classical cepheids average 1.5 magnitudes more luminous than they 
were previously supposed to be. On this account and with the 
availability of the more precise photoelectric standards for the ap- 
parent magnitudes, the former values of the distances of most 
galaxies required multiplication by the factor 3. The distances 
given in this book contain this revision. 

More recently, Sandage pointed out that what seemed with the 
smaller telescopes to be the brightest stars in intermediate galaxies 
are in fact frequently small patches of emission nebulae. He esti- 
mated that these may appear 1.8 magnitudes brighter than the 
brightest stars in a particular galaxy, All together, the distances 
originally assigned to most galaxies may need to be multiplied by 
a factor as great as 10. 

18-9. The Local Group. Our galaxy is a member of a group of at 
least 17 galaxies that occupy an ellipsoidal volume of space 2 million 
light years in its longest dimension. Our galaxy is near one end 
of this diameter and the Andromeda spiral is near the other end. 
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Fic. 18-9, Spiral Galaxy M 33 in Triangulum. A member of the local 
group. (Mount Wilson Observatory photograph) 


These and M 33 in ‘Triangulum are the normal spiral members. 
The less regular members are the Magellanic Clouds and two smaller 
ones. "The remaining 10 arc elliptical galaxies, of which 6 are less 
populous and fainter than the others. The first known examples 
of these dwarf ellipticals were discovered at Harvard Observatory 
in the constellations Sculptor and Fornax; the other four, two in 
Leo and one apiece in Draco and Ursa Minor, were found more 
e m photographs with the Palomar 48-inch Schmidt telescope. 
The members of the local group are listed in Table 18-1. The 
Andromeda spiral is the | 


recently 


i dee argest of these and our galaxy is second 
in size. The distances ang lincar diameters are provisional, sub- 
ject to possible revisions of the distance scale and of the obscuring 
effects of intervening dust, 


18-10. Clusters of Galaxies are believed to be the rule rather than 
the exception. They range in population from a very few to several 
thousand galaxies. As many as 10,000 rich clusters will be listed in 
Zwicky's new catalog of clusters north of declination — 30°, which 


A 
oY 
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Taste 18:1 Tue Locat Group 


-— === 
Linear 
А д E Distance Apparent | Diameter 
Designation Туве (light years) ai (light 
years) 
Galactic system SE: | zxhexswes |) саар 80,000 
Large Mag. Cloud | I 150,000 12° 30,000 
Small Mag. Cloud I 150,000 8° 20,000 
Draco system E 200,000 31? 2,000 
Ursa Minor system | E 200,000 55' 3,000 
Sculptor system E 230,000 45, 3,000 
Fornax system E 460,000 50’ 7,000 
Leo II system E 800,000 10’ 2,000 
NGC 6822 I 950.000 20' 6,000 
МСС 185 Е 1,100,000 14'.5 5,000 
NGC 147 E 1,100,000 14'.1 5,000 
Lco I system E 1,200.000 10* 3,000 
IC 1613 I 1,500,000 17* 7,000 
M 31 Sb 1,500,000 4°.5 120,000 
М 32 Е2 1,500,000 12? 5,000 
NGC 205 Е5 1,500,000 15'.8 7.000 
M 33 5с 1,500,000 62, 30,000 


are recognized in yellow-sensitive photographs with the 48-inch 
Schmidt telescope of Palomar Observatory. A rich cluster is here 
defined as containing more than 50 members having photographic 
brightness within 3 magnitudes of the brightest galaxy in the cluster. 
Individual clusters are often designated by the equatorial co- 
ordinates of their centers; an example is Cl 1215.6 +3025, where 
the first number is the right ascension in hours and minutes, and 
the second is the declination in degrees and minutes, Some of the 
more prominent clusters, such as the Virgo cluster, are also desig- 
nated by the names of the constellations in which they appear. 
t cluster in the catalog has a single concentration. of 
appear close together in the photographs. Ап exampie 
Berenices cluster; it has a membership of 9000 galaxies 
lerance of 50 galaxies, especially in its densest centrai 
region. А medium compact cluster has either a single concentration 
where the galaxies are separated by several of their diameters, or 
else a number of pronounced concentrations. The Virgo cluster 


A com pac 
galaxies that 
is the Coma 
and a preponc 
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Fic. 18-10. 


n ico: nt 
Part of Cluster of Galaxies in Coma Berenices. (Mou 
Wilson and Palomar Observatories: photograph) 


i i ; ; intical ealaxiés. Ап 
15 an example; it has many spiral and giant elliptical galaxies. m 

mai i Я ds th 
open cluster has no outstanding concentration, An example is di 
Ursa Major cluster, which includes the great spirals M 81 and M 101. 


18-11. so Galay 
especially near 
differ from 


in the Clusters. Ihe more compact. clusters, 
А : н ies. These 
their centers, contain many 50 galaxies. Th 


the lenses of the E7 ellipticals in distribution ol th 
brightness in their 


i Е à Р The fie 
disks and in their greater flattening. The | 
г К : А А А z at 
quency of such objects in the crowded regions is taken to mean | 
they were formerly Spirals, from which the arms were removed by 


collisions with other galaxies. The gas and dust of the arms wer 
swept away in the collisions, and in the turmoil the spiral structure 
Was disrupted. 


Ў ati _ - " ar the center 
Calculation shows that a galaxy moving radially near the cent 


> 4 > s vs from 
of the dense Coma cluster may collide with other members fi 
z 9 е E Е n ка arge 
5 to 30 times during the Possible lifetime of the cluster. Larg 


iti : i 2 г аге re- 
quantitics of hydrogen gas dispersed through this cluster 


corded with the radio telescope, This explanation ol the S0 gal- 
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axies is strengthened by the observation of galaxies in actual col- 


lision. 


„до CoL ные: Toan i " ] : 
18-12. Colliding Galaxies. “Two interpenetrating galaxies are re- 
vealed in a photograph with the 200-inch telescope close to the 
strong double source of radio emission, Cygnus A (17-19). Although 


Colliding Galaxies, NGC 5198. (Mount Wilson and Palomar 
Observatories photograph) 


Fic, 18-12. 


nnection is not clearly explained, the finding of this counter- 


the co 

part of a discrete radio source promoted the optical search for and 
: - or exi x. NGC 1975 А 

the discovery ol other examples. NGC 1275, the brightest member 


of a cluster of galaxies in Perseus, consists of a loose spiral that has 
sliced through a more tightly wound spiral with a relative speed 
of 750 miles a second. NGC 5128 (Fig. 18:12) appears to be a cen- 
tral collision between an edgewise spiral and a large S0 galaxy. 
Another remarkable feature is presented by the colliding galaxies 
NGC 4038 and 1039: this, however, is not a strong radio source. 


Long tidal filaments. evidently debris of the encounter, appear 
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above and below the combined central regions. F. Zwicky has found 
many long luminous “bridges” between double and multiple gal- 
axies in photographs with the 48-inch Schmidt telescope. Е. Е. 
Carpenter has observed several shorter intergalactic bridges in his 
photographs and has noted nebular emission in the spectra of some 
of them. 


18-13. Novae in Exterior Galaxies. Novae flare out in the exterior 
galaxies, as they do in our own (13- 19). They are of two general 
types, normal novae and supernovae, with respect to the order of 
luminosity they attain. 


È 1931- 
Fic. 18-13. 


MAY 10,1940 
Supernova in the Spiral NGC 4725. (Mount Wilson Observa 
tory photographs) 

Normal novae resemble the usual ones of our galaxy in their 
greater abundance and their lower luminosities at maxima. Surveys 
of many of these novae in the spiral M 31, reported. by Hubble in 
1929 and by H. C. Arp in 1956, reveal their characteristics more 
clearly with the elimination of the distance factor Arp concludes 
that about 26 normal novae flare out annually hr the Andromeda 
are likely to be concealed by the dust 
clouds of this galaxy or in its brighter regions. The absolute mag- 
nitudes at the maxima ranged from —6,9 to “3.5. 

Supernovae attain much higher luminosities and are less frequent. 
These spectacular outbursts of the more massive stars occur in a 


Spiral; one fourth of these 


м. 
SON 
/ уЗ 
f ез 


/ N 
iry 
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single galaxy only once in several centuries. They are most likely 
to be detected in repeated photographs of clusters of galaxies. 
Minkowski has divided supernovae into two groups. In his group I 
they rise to absolute magnitude —15.5, or 200 million times as 
luminous as the sun. The extreme width of the lines in their spectra 
indicate the violence of the explosions. These supernovae are de- 
ficient in hydrogen. Examples are the supernova of 1940 in the 
spiral galaxy NGC 4725 (Fig. 18-13) and the outburst associated 
with the Crab nebula in our own galaxy. Supernovae of group I] 
attain maximum brightness equal to 20 million suns. "They prob- 
ably constitute the more numerous group, but being fainter are less 


readily detected. 


SPECTRA OF GALAXIES 


The spectra are composites, as would be expected for assemblages 
of stars of various spectral types. The lines are also widened and 
weakened by the different radial velocities of the individual stars. 
Doppler effects in the spectrum lines show the rotations of galaxies, 
and redshifts of the lines increase as the distances of the galaxies 


[rom us are greater. 


18:14. New Classification of Galaxies. А reclassification, devised 
by W. W. Morgan and explained by him in 1958, results from his 
studies of composite spectra as well as direct photographs of many 
galaxies. The principal feature of the new system is the idea that 
the stellar populations are older as the galaxies are more highly 
concentrated toward their centers. At one extreme are the slightly 
concentrated irregular and Sc galaxies: their spectra contain strong 
hydrogen lines characteristic of young blue stars of. Baade's popula- 
1 аге designated as group а. At the other extreme are the 


tion I, anc 


highly conce Ta 
molecular bands characteristic of old yellow and red stars of popula- 


and are designated as group К. 
i 
ising central concentration of the galaxies is represented in 


ntrated spirals and giant ellipticals; their spectra show 


tion П, 
Incre 
Morgan's syst 


the lettering > i à 
stellar spectra. Ihe particular population group lor a galaxy 1s 


followed by a capital letter denoting the form: 5 for normal spiral, 
B for barred spiral, E for elliptical, and so оп. Finally, a number 


em by a succession of groups: a, af, f, fg. 8, gk. and k, 
being in the same order as in the sequence of types ol 
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from 1 to 7 denotes the inclination to the plane of the sky, from 
flatwise, or nearly spherical, gala 


des to edgewise presentation of 
flat objects. "Thus the barred spiral NGC 1300, having rather small 
central concentration and young stellar population, is classified by 
Morgan as [B2. The normal spiral M 31, having high central con- 
centration and an old population, is classed as k55. 

The population group assigned in each case is determined entirely 
by inspection of the central concentration of luminosity of the 
galaxy, but an equivalence with the spectral type is expected in the 
average. Such correspondence may provide significant data in 
studies of the evolution of galaxies, 


18-15. Rotations Shown by the Spectra. The flattened forms of 
regular galaxies suggest that these galaxies are rotating. The char- 
acter of the rotations may be 


determined from the spectra of spiral 


Fig, 18-15. Spectrum of Edgew 
the spectrum is at the left, 
part of the spiral is appro 

in the rotation. (Photog 


ise Spiral NGC 4565. The violet end of 
The slanting dark lines show that the upper 
aching and the lower part receding from us 
raphed by №. U. Mayall, Lick Observatory) 


galaxies haying their equators considerably inclined to the plane 
of the sky. When the slit of the spectroscope is placed along the 


major axis of the projected oval] image of the spiral. the spectrum 


lines show Doppler displacements that depend on the direction of 
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the rotation and its speed at different distances from the center of 
the spiral. 

As an example of such spectroscopic studies, Mayall and Aller 
observed that the rotation. period of the spiral M 33 is the same 
within 18’ from its center. In the outer parts, between 18’ and 30’ 
from the center, the period increases with increasing distance, as it 
does in the outer regions of our own galaxy (17-10). Hubble's 
conclusion that the arms of all spiral galaxies are trailing in the 
rotations has been verified wherever the evidence is available. Thus 
the spiral M 33 would be expected to rotate in the clockwise direc- 
tion. 


18:16. The Redshifts in the Spectra. A remarkable relation be- 
tween the shifts of the spectrum lines and the distances of galaxies 
1999 by Edwin Hubble. Having corrected the 
observed shifts of the lines for Doppler effects of the sun's motion in 
the rotation of our galaxy, Hubble found that the shifts are toward 
red end of the spectrum and that they increase about linearly 
the distances of the galaxies are greater. More extended investi- 
ations of the relation were reported in 1956 by Humason, Mayall, 
and Sandage. By this time the effect had been observed in the 
a of galaxies in 96 clusters and in hundreds of other galaxies. 
relatively nearby Virgo cluster to the Hydra cluster at 
troscopic limit for the 200-inch telescope, the velocities 
alaxies corresponding to the redshifts increase 


was announced in 


the 


spect 

From the 
about the spec 
of recession of the g 
from 700 to 38,000 miles a second, or to one filth the speed of light. 
With the distance scale then adopted, the increase is about 35 miles 
a second рег 1 million light years. Although the redshifts for the 
ilaxies seem to be slightly greater than a linear rela- 


most distant g 
a definite conclusion is deferred until the 


would require, 


tion 
spectra of still more remote galaxies can be photographed. 
Another means of observing the relation between the redshifts 


s is by the resulting reddening of the galaxies. W. А. 
lor measures of the energy curves of galaxies with a 
r on the 200-inch telescope permit the calculation of 


and distance 
Ваши” stx-CO 
photon counte 


the redshifts at | 
investigation of six clusters of galaxies ranges from 


r to the cluster 1448, for which the velocity of reces- 
5,000 miles a second, or two fifths the speed 
ts (Fig. 18-164), representing the mean for the 
each cluster, fall on a straight line. 


nd the corresponding velocities of recession. His 


preliminary 
the Virgo cluste 
sion is found to be 
of light. The poin 
galaxies observ ed in 
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GALAXY DISTANCE 
IN IN MILLION RED SHIFT 
LIGHT YEARS 


20 
VIRGO 
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Fig, 18-16. Redshifts in the 
show the shifts of the H and 
Balaxies are as assigned 


7 х ў ; ано 
Spectra of Exterior Galaxies. The Pee 

K lines of calcium. ‘The distances SE Us 
after the 1959 revision of the scale. (Mount Wilson 


D, r 
and Palomar Observatories photographs) 
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Fig, 18:16A. Velocity-Distance Relation for Six Clusters of Galaxies. 

From the relatively nearby Virgo cluster to the very remote Cluster 1448. 

For the mean of the galaxies observed in cach cluster the logarithm of 

the velocity of recession in kilometers is plotted against the bolometric 

magnitude. which is a function of the distance of the cluster, (Diagram 
by William A. Baum, Mount Wilson and Palomar Observatories) 


18:17. The Expanding Universe. Regarded as Doppler effects, the 
redshifts in the spectra show that the galaxies are receding from us 
that increases in about a direct proportion to their dis- 
tances from us. Presumably they are receding similarly from any 
int in our region of space. The galaxies are separating; 
pansion does not operate within the individual galaxies 


at a rate 


other po 


but the ex 
groups and clusters of galaxies. 
o 


or in the s 
interpretation of the observed effect is that all the ma- 


A simple s A 
terial in the visible universe was originally concentrated in a small 


volume of space from which the expansion began. When the char- 
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acter of the expansion is reliably determined, it should be possible 
to calculate the "age of the universe," that in the context would refer 
to the length of time in which the expansion has been in progress. 
This "age of the universe" refers to its duration from as far in the 
past as anything has been known about it. 


Qv 


1. Describe the three main types of galaxies, naming an example of cach. 

2. Distinguish between normal and barred spiral galaxies. Describe the 
division of each type into three classes, ible 

3. Interpret the sequence of regular galaxies (Fig. 18-5) as n possible 
progression of evolution either from left to right or in the opposite direc 
tion. 


"IONS ON CHAPTER 18 


DT EA istances and 
4. State the reasons: (a) for multiplying original values of distances a 


: е й ^ she: ТЕГЕЙ ol 
dimensions of most galaxies by the factor 3: (b) for possible increas 
this factor. 


5. What is the significance of dark b 
edgewise to us? 

6. How could knowledge 
tions of the great spiral in 

7. Give reasons for sup] 
of spiral galaxies, À "ТТ 

8. Distinguish between normal novae and supernovae in exterior guam 
Why are clusters of galaxies promising hunting grounds for йк acres 

9. The dark lines in the s rather wide an 
are often slanting. 


axies presented 


ands across spiral gi 


Р investiga- 
of our own galaxy be promoted by investig 

Andromeda: llisions 
osing the 50) galaxies are formed by collisions 


pectra of spiral g 
Bright lines appear as well. E «plain. - by the 
10. Describe the id а of the expanding universe. What is meant by 
“age of the universe"? 
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INDEX 


Aberration of starlight. 37 
Absolute magnitudes of stars, 253 
80 


Absorption spec 
Acceleration, 116 
Ahnighito meteorite, 177 
Airglow, 19 
gol, an eclipsing star. 267 
Altitude of a star, 10: increased by 
atmospheric refraction, 14 
Andromeda, great spiral in, 335 
Angstrom, unit of wavelength, 
Annular eclipse of sun, 199 
Aperture of telescope. 71 
Apex of solar motion, 239 
Aphelion, 40 
Apogee of moon, 90 
Apparent distances between stars 
Apparent places of stars. 9 
Ascending node, 93 
Aspects of a planet, 122 
Associations of stars, 306 
sei association ап example. 
Asteroids, or minor planets. 143: as 


46: closc approaches 
143; orbits 


= 


191 


Zeta Per- 
306 


fragments, 1 
of, 145: discovery of, 
of, 144 
Astronomical unit, 125 
Atmosphere, escape of, 104; 


prec iabl 


not ap- 

e on moon, 103: of earth, 
11; of Jupiter. 147; of Mars, 142: 
of sun. 189: of Venus. 133 

Atom, constituents of: electrons, 
neutrons. protons. 241: model of 
hydrogen: 243: neutral and юп 
ized, 245: xcitation and 


ionization ol. 
Atomic number 
Aurora, 17 
Autumnal equi! 

229 
Azimuth, 10 


thermal e 
945 
and weight, 242 


vox. 42; position of, 


Barred spiral galaxies, 337 
Barringer meteorite crater, 179 
Binary stars, 258; eclipsing, 265; 
-luminosity relation for, 263; 
ses of, 262; spectroscopic. 263; 


nmi 
visual, 258 
Bode's law, 125 
Bolometric magnitude, 263 
Brightest stars, table of, 252 
Bright-line spectrum, 80 


Calendar, early Roman, 64; Gre- 
gorian, 66; Julian, 65; suggested 
reform of, 67; three types of, 64 

Cassegrainian form of reflecting 


telescope, 73 
Cassini division in Saturn’s rings, 
152 
Celestial sphere, 8: apparent dis- 
tances on, 9: apparent rotation 
95; place of star on, 9 
Cepheid variable stars, 268; classi- 
cal and type 11. 269; period- 
luminosity relation of, 270 


of, 


Ceres, discovery of, 143 

Chemical elements, atomic models 
of some lighter, 244; in sun, 191; 
table of lighter, 242 

Chromosphere of sun, 192; outside 
eclipse, 1 spectrum. of, 193; 
spicules and plages of, 194 

Circumpolar stars, 32 

Climatic zones, 49 

Clusters, of galaxies, 344; 
291 

Colliding galaxies, 347 

Color excess. 289 

Color index. 251 

Color-magnitude diagram, 293; of a 
globular cluster, 302: of a very 


of stars, 


357 


358 
308; 


young cluster, 
clusters, 296 

Coma of a comet, 161 

Coma Berenices, star cluster in, 292 

Comets, 161: with 
meteor streams, 168; designation 
of. 161: discovery of, 163; Jupi- 
ter's family of, 165: nature of, 166 

Conics: ellipse, parabola, and hy- 
perbola, 119 

Conjunction of planet with sun, 
122; inferior and superior, 122 

Constellations, annual march of, 36: 
as divisions of sky, 210; maps of, 
215, 219, 291, 994, 999, 931, 
names of, 212; of the zodiac, 46; 
original, 209 

Continuous spectrum, 80 

Copernican system of planetary mo- 
tions, 115 

Coriolis acceleration, 20 

Corona of sun, 205: association of, 
with zodiacal light, 206; spectrum 
of, 206 

Coronagraph, 207 

Crab nebula, M1, in Taurus, 275 

Crape ring of Saturn, 153 

Craters, meteorite, 179; of moon, 
100 

Cusps of moon, 91 


Cyclones, caused by earth's rotation, 
22 j 


of galactic 


association of, 


Daily courses of stars, at equator, 
30; at poles, 30; elsewhere, 31 

Dark-line spectrum, 80 

Dark nebulae, 283; globules of, as 
protostars, 304 

Day, mean solar, 57: sidereal, 59; 
solar, longer than sidereal, 55: 
time of, 52; variable 
solar, 56; date line, 62 

Declination, 27 

Descending node, 93 

Dispersion of light, 78 

Dopplei effect, 81 

Dwarf stars, 254 


apparent 


INDEX 


Earth, air circulation of, 20; artifi- 
cial satellites of, 3; atmosphere 
of, 11; magnetic field of, 6; posi- 
tions on, 7: radiation belt around, 
6: texture of, 2; viewed from out- 


side, 2 
Earthlight on moon, 91 
rth-moon system, 88 
'th's orbit, elliptical form of, 39 


rth’s precession, 43 

Earth's revolution, 36: explained by 
laws of 118: shown by 
aberration of starlight, 38; varia- 


motion, 


ble speed of, 56 


Earth's. rotation, centrifugal effect 
of, 23: changing period of, 24 


deflection of air currents by. 20; 
demonstrated by Foucault. pen- 
dulum, 22 
Earth's shadow. moon in, 
bra and. penumbra of, 106 
Easter, dates of, 66 
Eccentricity of ellipse, 39 


107; um- 


Eclipse seasons, 201 

Eclipse усаг, 202 

Eclipses, of moon, 106; of sun, 198: 
recurrence of, 202; seasons of, 201 

Eclipsing variable Algol, 
an example of, 267 

Ecliptic, 40; poles of, 41; varying 
inclination of, to horizon, 42 

Electron, 241; free, 245 

Electron volts, 245 

Ellipse, 39; eccentricity of, 39 

Elliptical galaxies, 339 

Elongation, greatest. of 
planet, 122; of planet, 121 

Emission nebulae, 280; Orion neb- 
ula ап example of, 281; spectra 
of, 281 

Emission spectra, 80 

Encke's comet, 165 

hemeris time, 58: by moon, 93 

Equation of time. 57 

Equator, celestial. 26: 

Equator, terrestr 
of stars at, 30 

Equatorial mounting of telescope, 
71 


ars, 26 


inferior 


galactic, 321 
daily motions 


INDEX 


Fquinoxes, precession of, 45; vernal 
and autumnal, 41 

Eros, 145 

Eruptive variable stars, 273: flare 
stars, 277; novae, 273: supernovae, 
348 

Escape, velocity of, 104 

Evolution of planetary system, ex- 

nebular 


amples of theories ol: 
hypothesis and protoplanet hy- 
pothesis, 317 
Evolution. of 
nebulae, 304: arriva 
307: evolution from main 
evolution of sun, 


304: birth in 
on main se- 


Stars, 


quence, 
sequence, 310; 1 
311, and of more massive stars, 
313: partial return of material to 
cosmic clouds, 314: declining 

315 


white dwarf st 
s, scmiem- 


stars, 31 
Evolution tracks of st 


pirical, 311 
Expanding universe, 5» 


Faculae of sun, 183 н 
of red stars (ОУ Ceti-type 


Flares, 
of sun, 196 


variables), 277: 
Flash spectrum of sun. 10% 
Floceuli of sun, 194 
Focal length of telescope, 71 
Force, 116 
Foucault pendulum, 22 
Fraunholer lines in solar sp 


190 
Frequency of light, 69 


pectrum, 


Galactic center, 324: direction of. 
zala 
dea 821; 
actic equ: 
longitude а 
Galactic маг С 
ol, 294 
Galactic 
center of. 
Rie jon from 
ol, 330; radio reception dm 
rotation of, 327: stellar popula- 
E > : | 
tions in, 326: spiral struct 
traced. by photography: 


мог апа poles. 
nd latitude. $22 
20]; distances 


]usters. 


our galaxy, 319: 
central region of. 


db 3225 radio pattern 
329; 


system. 
324: 


ire of, 
Orion 


(Carina-Cygnus) arm, Perseus 
arm, and Sagittarius arm, 325 

ies, exterior, 335; clusters of, 
344; colliding, 347; distance indi- 
cators of, 343: distribution of, 
342; elliptical, 339; irregular, 342; 
local group of, 343; novae in, 348; 
reclassification of, 349; redshifts 
in spectra of, 351; rotations of, 
350; SO-type, 340, 346; sequence 
ular, 340; spectra of, 349; 


Gegenschein, or counterglow, 174 

Geomagnetic, poles. 6; storm, 6, 198 

Giant and dwarf stars, 253 

Gibbous phase of moon, 91 

Globular star clusters, 298; Hercules 
cluster an example of, 298: system 
of, 299: variable stars in, 299 

Granules on sun's surface, 183 

Gravitation, law of, 117 

Great Dipper, at different seasons, 
216; chart of, 218 

Greek alphabet, 231 

Gregorian calendar, 66 


Halley's comet, 161; orbit of, 163 

Halos, lunar and solar, 16 

Harvest moon, 95 

Horizon, cardinal points of, 10; 
celestial and visible, 10 

Hour angle, 28 

Hour circles, 26 

Hyades cluster, convergence of, 292 

Hyperbola, 119 


Inferior planets, 121; aspects and 
phases of, 121 

Inner planets, 121 

International date line, 62 

Interstellar hydrogen, emission at 
9] cm of neutral, 288; Н-П and 
H-I regions of, 287 

Interstellar lines in stellar spectra, 
286 

Interstellar material: dimming and 
reddening of starlight by, 288; 
dust grains of, 289; gas and dust, 


360 


286; globules of, 304: 

graphic absorption by, 289 
Ionized atom, 245 
Ionosphere, 13 
Irregular galaxies, 349 
Irregular variable stars, 273 


photo- 


Julian calendar, 65 

Jupiter, 147; aunospheric markings 
of, 147; comet family of, 165; in- 
ternal structure of, 148; satellites 
of, 149 


Kepler's laws, 115 


Latitude, celestial, 43: galactic, 322 

Latitude, terrestrial, 8: astronomi- 
cal and geographical, 29; deter- 
mining the, 29; equals altitude of 
celestial pole, 28; variation of, 24 

Leap year, 65 

Librations of moon, 95 

Light, 69: dispersion of, 78: fre- 
quency and wavelength of, 69: 
refraction of, 70: velocity of, 69 

Light curve of variable star, 265 

Light-gathering power of telescope, 
78 

Light year, 235 

Local group of galaxies. 343 

Longitude, celestial, 43 acetic. 322 

Longitude, terrestrial, 8: 
tion of, 58 

Long-period, or Mira-type, variable 
stars, 272 

Luminosity, 2. 


determina- 


classes of stars, 955 
Lunar eclipses, 106; umbral 


penumbral, 107 


and 


Magellanic clouds, 341 

Magnetic fields. of earth, 6; of stars, 
241: of sun, 188 

Magnifying power of telescope, 78 

Magnitudes of stars, 249: absolute, 
255: apparent, 250; bolometric, 
263: in diflerent colors: photo- 
graphic and visual, 250 

Main-séquence stars, 253 


INDEX 


Maps of constellations, 215, 219, 221, 
224, 
Mars, 136: canals of, 141; 
of, 142; oppositions of, 136 
lites of, 142; seasons of, 13 


climate 
atel- 


face features of, 138 
Masses, of binary stars, 262; of 
planets, 119 
Mean solar time, 57 
nitude, 270 
as evening and morn- 
moon, 


Median ma 

Merc ury, 131 
ing star, 131; 
133; transits of, 135 

Meridian, celestial, 10 

Meridian, terrestrial, 7; 
wich, 7: standard, 60 

Messier's catalog, 291 

Meteorite craters, 179 

Meteorites, 174: falls of, 175: large 
iron, 176: erian falls of, 178: 
stony and iron, 175 | 

Meteors, 168; influx of, 169; major 
showers of, and associated comets, 
172: orbits of, 169; streams and 
showers of, 171; trails and trains 
of, 168 

Micrometcorites, 176 

Midnight sun, 32 

Milky Wa 19: Coalsack in, 321: 
Gr 319; of summer, 


resembles 


of Green- 


t Rift in, 
319; of winter, 320; southern, 321 

Minor planets, 121 

Mira, a red variable star, 272 

Miratype (long-period) variable 
stitrs, 272 

Mizar, 218: а spectroscopic binary, 
264; a visual binary, 258 

Month, sidereal and synodic, 92 

Moon, absence of atmosphere on, 
103: conditions on. 106: distance 
of, 89; earthlight on. 91: eclipses 
of, 106: harvest, $ in earth's 
shadow, 107: librations of, 95; 
north and south motion of. 95: 
occultations by. 93: orbit of, 90; 


ET ner 
path of, among * ED phases 
of, 90: proposed expedition to. 
10. rotation of. 05: successive 


later risings of, 94: surface fea- 


INDEX 


tures of. 98: visible in total 
eclipse, 109 

Moon's shadow on earth, 198: path 
of. 200 

Moon's features: 
100: mountains, 100; 
rills, 103: seas, 98 

Motion, Kepler's laws of planetary, 


115; Newton's laws of, 117 


craters, 
rays and 


surface 


Nadir, 10 
Nebulae, 
emission. 
Neptune, discovery of, 157: 
lites of. 157 
Neutron, 242 
Newtonian form 
scope, 73 
Newton's, law 
laws of motion, 117 
Nodes of moon's path, 
and descending, 93: те 
93 
North star (Polaris). 26 
Northern Gross. 225 
Novae, 273: expanding ё 


980: dark. 28: 
reflection, 283 
satel- 


diffuse, 


of reflecting tele- 
of gravitation, 117; 


ascending 
ression of, 


nvelopes 


- of 974: 

around, 273; outbursts of, 274; 
recurrent, 276 

Occultations by moon. 93 " 

Opposition. favorable, of Mars. 197; 


of planet. 122 
Orion, at different s 
nebula in, : 
boundaries of. 
and chart. of. 228 
Outer. planets. 121 


isons, 36: great 
and new 


: old 
211; photog aph 


Parabola. 119 
Parallax, 89: 
934; of sun 


of moon, 89: of stars. 


95 


hi coc: C280 А 

net а of shadow, 106; of sun- 
spot, 184 a 

Perigee of moon. ` 

Perihelion, 40 

Period-luminosit 
eids, 270 


v relation for ceph- 


361 
Phases, month of тооп, 99; of 
moon. 90: of planets, 121 
Photographic zenith tube, 54 
Photosphere of sun, 183 
Plages of sun's chromosphere, 194 
Planetary nebulae, 284; central stars 
of, ; expansion of, 286 
Planets, aspects and phases of, 121; 
determining masses of, 119; direct 
and retrograde motions of, 112; 
distances of, from the sun, 124; 
carly problem of motions of, 118; 
named and classified, 121: orbits 
of, 119, 128; principal and minor, 
121; regularities in motions of, 
128; sidereal and synodic periods 
of, 129 
Pleiades cluster, 
rounding, 283 
Pluto, discovery of, 158 
Polarities of sunspots, 188 
Pole star (Polaris), the pre 


998; nebulae sur- 


sent, 26 


Poles, celestial, 26: ecliptic, 41; 
galactic, 321; precessional paths 
of celestial, 44 


Poles, terrestrial, 7; daily motions 
of stars from, 80; wanderings of, 
24 

Populations of stars, 300: added 
types of, 326: types I and II, 300 

Praesepe cluster, 297 

cause of earth's, 43; of 
equinox 45 

Principal planets, 121; orbits of, 128 

Prominences of sun, 195; active, 
quiescent, and eruptive, 195 

Proper motions of stars, 237 

Proton, 241 

Ptolemaic system of planetary mo- 
tions, 113 

Pulsating stars, 268: cepheid vari- 
ables, 268; RR Lyrae variables, 
269 


Quadrature of a planet, 122 


RR Lyrae stars, 269 
RV Tauri stars, 273 
Radial velocities of stars, 238 


362 


Radiant of meteor shower, 171 

Radiation, 69; at radio wavelengths: 
thermal and nonthermal, 81; belt 
around carth, 6 

Radio reception, from discrete radio 
sources, 329; from galas 20; 
from sun, 197 

Radio telescopes, 83: antennas of, 
83; resolving power of, 84; very 
large paraboloidal-type, 84 

Radio time signals, 62 

Redshifts in spectra ol 

Reflecting telescopes, 
two forms of, 73 

Reflection by concave mirror, 73 

Reflection nebulae, 283 

Refracting telescopes. 71 

Refraction of light. 70; by a lens, 
70; elevation of stars by atmos. 
pheric, 14 | 

Regression of moon's nodes, 93 

Resolving power, of optical tele 
scope, 78: of radio telescope, 84 

Retrograde motions of planets, 112; 
explained, 194 

Right ascension, 2 

Ring nebula in Lyra, 285 

Rotation, distinguished. [rom revo- 
lution, 20; of carth, 90: of exterior 
galaxies, 350; of galaxy, 327: of 
moon, 95; of planets. 126; of stars. 
240; of sun, 185 


es, 351 
73; large, 74: 


Sagittarius, great star cloud in, 320: 
Milk Dipper in, 223 

Saros, 202 

Satellites, artificial earth, 3: ol 
Jupiter, 149; of Mars, 149: of 
Neptune, 157; of Saturn, 159: of 
Uranus, 157; table of, 197 

Saturn, 151; satellites of, 152; sur- 
face markings of, 151 

Saturn's rings, 152; different aspects 
of, 153: discrete texture of, 154 

Schmidt telescope, 76 

Seasons, cause of. 47; in the two 
hemispheres, 48: lag of, 48; of 
Mars, 138; year of, 46 


INDEX 


Shadow, umbra 
106 
Sidercal 


and penumbra of, 


day. 52: solar day longer 


Sidereal month, 92 

Sidereal period of planet, 129 

Sidereal time, 52: rule for 
mining, . 

Sidereal year, 46 . 

Signs of zodiac, 46; westward shift- 


deter- 


ing ol, 46 

Sirius, companion of, 2601 

Sky, conventional globe of, 8: day- 
time, 13: directions in, 216; radio 
view of, 329 

Solar eclipses: total, annular, and 
partial, 199; predictions of, 202; 
recent and coming, 203 

Solar flares, 196 

Solar spectrum, telluric bands in. 
191: ultraviolet region of, 191; 
visible, 189 

Solar system, membership of, 120: 
regularities of motions in, 128: 
scale of, 125 

Solar time, apparent, 56; mean, 57 

Solstices, summer and winter, +1 

Southern Cross, 232 ion of, 321 

Space probes, 3 | 

Spectra, Doppler effect in, 81; emis- 
sion and absorption, 80 

Spectroheliogram, 194 

Spectroscopes, 79; slit and objective 
prism types of, 246 


Spectroscopic binary stars, 263; ve 
locity curves of, 264 
Spectrum, flash, 193: of 
sphere, 193; of corona, 
sunlight, 189 
Spectrum-absolute та 
gram, 253 
Spicilés ol sun's chromosphere. [34 
Spiral galaxies, at different angles, 
338: normal and barred. 337 
Standard time, 61; in North. Amer- 
ica, 61 
Star clusters, 
291; 


chromo- 
206; of 


ignitude dia- 


galactic and globular. 
of, 294: catalogs of 


ages 


INDEX 
nebulae and, 291; distances of, 
y lives of. 207 


Star maps, 215, 219, 221, 2 
EA 


Stars, apparent places of, 9; circum- 


polar, 32 designations of. by 
letters, 214; in the north, 915; of 
Ч 218; of 


autumn, 2 


summer, 
southern. 

Stars, associations of. 
2 brightest, 251: 
291; dis 
ol. 3014: 


luminosity Classes ol. 2 
netism of, 24l: magnitudes ol, 
240; motions of. 237; neart: VONT; 
234: populations ol, 
240; spectral 
and sub- 


of spring 

of winter, 
i1: twinkling of, 16 

306: binary, 
clusters. of, 
evolution 
M 


mag- 


ices of, 2 
and 


giant dwarf, 


parallaxes ol. 


300: rotations of. 
subdwarl 


types of. 241; 
supergiant, 


giant, 25 


able, 26 


5: white dwarf., 


Stellar spectra, types of, 247; se 
quence ol, 249 

Stratosphere, 13 

Summer solstice, 4l: position of, 


998 
Sun, 
ing of, 


57: midnight, 
239; rotation of, 185 


elements in, 101; 
chromosphere of, 192; corona of. 
904: fares of. 196: magnetic ficlds 
188: observing the. 181; promi- 
105: quiet and active 
radio reception from. 
182: terrestrial 
irbances in. 


56: apparent flatten- 


pparent. 
14: eclipses of, 198: mean, 


32: motion of, 


among SUITS, 
Sun, 181: chemi 


of. 
nences of, 
radio. 197: 
197: structure of. 
tions with distu 
surface of, 183 

1814: magnetism 
187: re 


associa 
107; visible 
Sunspot: in groups. 
of, 188: number cycle ot. us 
12 polarities of, 189: shifting 
А n's rotation shown 


187: su 
a and penumbra ol, 


versi 
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Superior planets. 
phases of, 123 


191: aspects and 
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Supernovae, 348 
SyAodic month, 92 
Synodic period of a planet, 127 
Synthesis of hydrogen into helium 


309: carbon cycle and proton- 
proton reaction, 310 


T Tauri stars, 306 

"Telescopes, aperture and focal 
length of, 71: lightgathering, 
magnifying, and resolving powers 
of, 78, 81: radio, 83; reflecting, 

73: refracting, 71; Schmidt, 76; 
solar, 181 

Verrestrial planets, 121 

Time, apparent solar, 56; conver- 
sion of, 63; ephemeris, 58; equa 
tion of, 57; mean solar, 57; serv- 
ice, 69: sidereal, 52; standard, 61; 
universal, 58; zones, 60 

Titan, largest satellite of Saturn, 


Transit instrument, 53 
Transits, of Mercury and Venus, 
135: of meridian, upper and 


lower, 52 
Trojan asteroids, 145 
"Tropical year, 47 
‘Tropics of Cancer and Capricorn, 49 
‘Troposphere. 19; clouds of the, 11 
Twilight, durations of civil, nau- 
tical, and astronomical, 34 


Twinkling of stars, 16 
Tycho's observations of planets, 115 


Umbra, of shadow, 106: of sunspot, 
184 

Universal time, 58 

Uranus, discovery of, 155; satellites 
of. 1 


7 


Variable stars. 265; classes of, 266; 
designation of, 266: eclipsing. 266; 
elements of. 965: eruptive. 273; 
irregular. 273: light curves of. 2 
pulsating. 268 

Venus, 139; as evening and morn- 
ing star, 132: cloudy atmosphere 
of. 132; dates of conjunctions and 


2 
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clongations ot, 133; 
134; transits of, 135 
Vernal equinox, 41: position of, 227; 
precession of, 
Vertical circles, 10 
Visual binary stars, 258; orbits of, 
259; Sirius, an example of, 261 


spectrum of, 


Wavelength of light. 69: in ang. 
stroms, 191 

White dwarf stars, 
of, 315 

Winter solstice, 41: position of, 220 


15: spectra 


INDEX 


Year, eclipse. 202; leap, 65; sidereal 
and tropical, 202 


Zeeman effect in sunspot spectrum, 
188 

Zenith, 10 

Zenith distance, 11: of star at upper 
transit, 217 

Zodiac, 46; constellations апа signs 
of, 46 

Zodiacal light, 173 

Zone time, 60 
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